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An 84-year-old woman with gait disturbance attributable to frailty 
and sarcopenia was admitted for rehabilitation. She exhibited func-
tional improvement and continued outpatient rehabilitation in 
mid-February 2020. At that time, coronavirus disease 2019 
(COVID-19) cases rapidly increased and strict social distancing 
was imposed country-wide. She could not visit our outpatient cen-
ter for fear of infection and was lost to follow-up for over 3 months. 
Consequently, her mobility, which had been steadily improving, 
suddenly deteriorated. In general, older people are the most vul-
nerable victims of the COVID-19 pandemic, having not only vi-
rus-caused death and severe morbidity but also overall functional 
declines owing to their isolation and lack of care. In many coun-
tries, long-term care facilities are the epicenters of COVID-19 out-
breaks. In such constant emergencies, it is nearly impossible to de-
liver interventions for geriatric conditions in clinical settings.1) 

During the pandemic, “nonessential” community services were 
suspended, including senior activity and dementia daycare centers, 
geriatric day hospitals, and outreach rehabilitation programs.2) De-
clines in physical activity and exercise have been reported in almost 
50% of older adults living independently.3) Soon, we expect to see 
studies on the extent of physical deterioration in older adults 
during the pandemic. The year-long failure of treatment for older 
patients who require timely care will also soon negatively impact 
population health indicators. 

The United Nations declared 2020–2030 as the Decade of 
Healthy Ageing; associated activities aimed at ensuring health at all 
ages and involving a range of co-operating professionals are re-
quired to meet this goal.4) A decade of concerted global action is 
urgently needed to ensure that older adults enjoy dignity, equality, 
and a healthy environment. However, one year into this project, 
the pandemic has overshadowed the healthy aging agenda. Indeed, 
the pandemic has highlighted the yawning gaps in policies, sys-
tems, and services. While some countries will emerge from the 
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pandemic late in 2021, other countries will not.  
How can we overcome the crisis in healthy aging during the 

pandemic? The need to insulate older adults from COVID-19 and 
optimize their overall health must be balanced. The Asian Work-
ing Group for Sarcopenia has made relevant recommendations.2) 
The American Geriatric Society Healthy Aging Special Interest 
Group has also provided guidance to geriatric healthcare profes-
sionals; the suggested strategies would enhance healthy aging even 
in the era of COVID-19.5) Despite the World Health Organiza-
tion’s concerns about the effects of the pandemic on the health of 
older people, we must renew the Decade of Healthy Ageing proj-
ect.6) The pandemic will continue to present serious challenges 
worldwide for many years. However, the crisis has forced govern-
ments, businesses, and societies to change rapidly, and some of 
these changes are positive. Many participants noted that the pan-
demic afforded an opportunity to re-set the current long-term care 
model, thus rendering it more person centered, with a focus on 
healthy aging. Furthermore, we have a unique opportunity to ad-
vocate for policies that invest in a long-term care model that views 
older people as vital contributors to healthy communities rather 
than simply the cost that society must bear. The provision of per-
son-centered, non-discriminatory, accessible, integrated primary 
health and social care should be increased. Communities should 
be supported in terms of developing or maintaining the capacities 
of older people, both during the pandemic and beyond. Scale up of 
integrated care for older people will also require investment in and 
reinforcement of health systems.7) 

Alternative models of care are urgently needed during the pan-
demic. Telephone or video visits are also valuable. An information 
and communication technology-based integrated service model 
has been developed to provide effective management, enable con-
sultation with distant professionals, and share medical information 
between acute care hospitals and long-term care institutions.8) The 
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Korean Ministry of Health and Welfare temporarily allowed tele-
phone-based consultation and prescription at the beginning of the 
COVID-19 outbreak. Community- or home-based medical care, 
including patient education, discharge care planning, and home-
based monitoring, has also become crucial.9) Essential medical 
care should continue during strict social distancing and when old-
er adults cannot visit healthcare facilities. Telemedicine and telere-
habilitation are developing rapidly as alternative models of care.2) 
Geriatric care professionals assist patients and families to optimize 
health by referring them to digital resources whenever possible. 
While such resources were available before the pandemic, almost 
all have been extensively improved because it has become essential 
to interact in a virtual world.5) More personalized and inclusive 
services will more effectively meet the needs of older adults, re-
duce the demand for hospital beds, and lower the risks of morbidi-
ty and mortality. Thus, clinical evidence and healthcare systems 
supporting such types of services should be developed via well-de-
signed high-quality studies. 

Annals of Geriatric Medicine and Research welcomes innovative 
research results of the professional geriatric community on healthy 
aging in the post-pandemic era, which will stimulate informative 
discussions. Future studies should continue to explore unprece-
dented challenges imposed by the pandemic and develop new in-
terventions against another global pandemic impacting the health 
and social functioning of older adults. As we have entered the De-
cade of Healthy Ageing, governments, businesses, and community 
organizations worldwide must rise to the challenge. Everyone 
should be able to enjoy healthier, happier, and longer lives. 
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INTRODUCTION 

While the global population is aging, South Korea is one of the 
most rapidly aging societies worldwide. It took 17 years for Korea 
to transition to an aged society from an aging society, defined as 
proportions of the population aged 65 years or older of ≥ 14.0% 
and 7.0%, respectively, while Japan took 24 years for the same tran-
sition.1) More strikingly, Korea is expected to become a super-aged 
society, defined as a proportion of the population aged 65 years or 
older of ≥ 20.0%, in 2025. This prominent trend of population ag-
ing in Korea has been, to some degree, attributed to rapid econom-
ic development that accompanies the fast-growing life expectancy 
at birth with the establishment of modern healthcare systems after 
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South Korea became an aged society in 2017 and is predicted to become a super-aged society by 
2025. Therefore, knowing the trends among older adults and identifying the geriatric burden are 
crucial for both healthcare professionals and policymakers. We previously summarized the gener-
al health and socioeconomic profiles of Korean older adults from the 2017 National Survey of 
Living Conditions and Welfare Needs of Older Koreans. In this update, we briefly summarized the 
results of the 2020 National Survey of Living Conditions and Welfare Needs of Older Koreans by 
categorizing them according to their general aging profile, socioeconomic status, lifestyle, and 
health status. In addition, we reviewed recent updates in the field of frailty and sarcopenia from 
population-based community cohorts in Korea. We hope this study will serve as a current refer-
ence for nationwide statistical data on common clinical and social parameters used in geriatrics 
and gerontology. 
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the Korean War (1950–1953) and the lowest birth rate among de-
veloped countries.2,3) 

Many potential social and economic challenges arise from the 
unprecedented speed of population aging in Korea. Human aging 
biology leads to an increased prevalence of multiple chronic condi-
tions, frailty, and functional decline in older adults.4,5) Therefore, a 
given society must prepare to serve its aging population in a multi-
faceted manner, from developing fiscal policies to establishing 
healthcare models that are specially designed for older multimor-
bid individuals.6) While many policies have been developed to 
tackle the aging population, the sustainability and viability of mod-
ern welfare systems and government-operated healthcare systems 
that were originally proposed in Western countries have not been 
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tested at this extreme pace of aging in Korea. 
To establish future care policies for the older population, it is 

necessary to understand the dynamically changing social charac-
teristics and health status of these people. In 2019, we summarized 
the general health and socioeconomic profiles of Korean older 
adults based on an analysis of data from the 2017 National Survey 
of Living Conditions and Welfare Needs of Older Koreans.7) The 
present brief review updated the previous study from the prelimi-
nary results of the latest National Survey of Living Conditions and 
Welfare Needs of Older Koreans performed in 2020 by the Minis-
try of Health and Welfare, Republic of Korea.8) This survey was 
conducted for 9 months, from March 2020 to November 2020, 
and encompassed 969 nationwide investigation districts and 
10,097 older adults aged over 65 years. The survey investigated the 
general information, family and social relationships, health and 
functional status, economic status, leisure and social activity, and 
living environment of this population. For disabilities, we used 
data from the 2019 Long-Term Care Status Survey, a triennial 
study started in 2019 to assess the population characteristics of 
long-term care insurance (LTCI) and related services.9) In addi-
tion, we provided a brief updated summary of recent literature 
from population-based studies on age-related conditions in Ko-
rea.10) Based on this study, we intended to provide an up-to-date 
reference for Korean nationwide statistical data on common clini-
cal and social parameters used in research on geriatrics and geron-
tology. 

PROFILE OF AGING IN KOREA 

According to the Korean statistics in 2019, the population aged 65 
years or older was 7,746 thousand persons, accounting for 15.5% 
of the total population, a 4.8% increase compared to the previous 
year.11) The overall life expectancy at birth was 86.3 years in wom-
en and 80.0 years in men. In particular, the remaining life expec-
tancies at 60 years of age were 28.1 and 23.3 years for women and 
men, respectively, which were an increase of 0.6 and 0.5 years, re-
spectively, from 2018.12) 

SOCIOECONOMIC STATUS OF KOREAN OLDER 
ADULTS 

The private income of older adults per year has steadily increased 
to US$13,939 compared to US$10,384 (2017) and US$8,430 
(2014). More than one-third (36.9%) of the total older adults and 
55% of older adults aged 65–69 years were currently working. The 
proportion of employee/self-employment income and private 
pension increased significantly, which subsequently increased the 

chance of financial independence. Most older adults (78.2%) lived 
as a single household: living alone or living with a spouse with fre-
quent (more than once weekly) contact with their children, 
friends, and neighbors. The level of education had also increased 
markedly; the uneducated group shrank to 10.6% (33% in 2008), 
while the proportion of older adults with education beyond high 
school increased to 34.3% (17.2% in 2008) (Table 1).8) 

LIFESTYLES OF OLDER KOREANS 

The most important lifetime activities were hobbies and leisure 
(37.7%), followed by economic (25.4%), social (19.3%), religious 
(14.1%), volunteer (1.7%), and learning activity (0.9%). Smart-
phone users accounted for 56.4% of the population, and the ability 
to use smartphones was far superior in young-old adults. For in-
stance, 92.4% of individuals aged 65–69 years could send text mes-

Table 1. Socioeconomic status of older Koreans

Index
Unit (%)

2017 2020
Annual private income (US dollar) 10,384 13,939
Type of income
 Employee income 13.3 24.1
 Self-employment income 13.6 17.1
 Property income 12.2 11.0
 Private transfer 22.0 13.9
 Public transfer 36.9 27.5
 Private pension 0.8 6.3
Participation in economic activities
 Currently working 30.9 36.9
 Previously worked 59.3 49.5
 Never worked 9.8 13.6
Residence type
 Living alone 23.6 19.8
 Living with spouse 48.4 58.4
 Living with children 23.7 20.1
 Other 4.4 1.7
Social networka)

 Children (come-and-go) 38.0 16.9
 Children (contact) 81.0 63.5
 Friends or neighbors (contact) 64.2 71.0
 Relatives (contact) 16.8 20.3
Level of education
 Uneducated (illiterate) 24.3 10.6
 Elementary school ( ≤ 6 y) 34.1 31.7
 Middle school ( > 6 and ≤ 9 y) 16.9 23.3
 High school ( > 9 and ≤ 12 y) 17.3 28.4
 Beyond college ( > 12 y) 7.5 5.9

a)More than once a week.
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sages compared to 19.9% among those aged 85 years and older. 
Most (83.8%) older Korean adults preferred to live in the same 
place, and more than half (56.5%) of the adults also desired aging-
in-place even with an impaired mobility status. The level of overall 
satisfaction with life was 49.6%. Satisfaction with health status in-
creased considerably from 37.1% (2017) to 50.5% (2020). The 
satisfaction with economic status also increased from 28.8% 
(2017) to 37.4% (2020) (Table 2).8) However, these trends should 
be interpreted with some caution with possible cohort or period 
effects along with drastic social changes. 

GERIATRIC SYNDROMES AND COMMON 
COMORBIDITIES 

Common Medical Conditions 
The average number of chronic diseases in Korean older adults 
was 1.9, with 84% of the population having more than one chronic 
disease. In comparison, 89.5% of the older population had one or 
more chronic diseases, 73% had two or more, and 51% had three 
or more in 2017. The top five chronic diseases were hypertension 

(56.8%–64.4%), diabetes mellitus (24.2%–29.0%), dyslipidemia 
(17.1%–38.9%), osteoarthritis (16.5%), and lumbar pain or sciati-
ca (10%). Notably, the rate of depressive symptoms steadily de-
creased to 13.5% compared to 30.8% in 2008 and 21.1% in 2017 
(Table 3).8,13-15)  

Among the recipients of LTCI, the mean number of chronic dis-
eases was 3.4 according to the 2019 Long-Term Care Status Sur-
vey.9) In this population, the common diseases included hyperten-
sion (60.3%), dementia (57.2%), diabetes (29.3%), arthritis 
(27.8%), and stroke (25.8%). LTCI recipients took a mean of 9.8 
daily medications, and 79.4% of them took five or more medica-
tions per day. 

Functional and Cognitive Status 
Functional disability was assessed based on activities of daily living 

Table 2. Lifestyle of older Koreans

Index
Unit (%)

2017 2020
Most important activity in current life NA -
 Hobby and leisure activity - 37.7
 Economic activity - 25.4
 Social activity - 19.3
 Religious activity - 14.1
 Volunteer activity - 1.7
 Learning activity - 0.9
Smartphone user NA 56.4
Preferred residency (healthy state)
 Living in the same place 88.6 83.8
 Moving to a better environment 11.4 16.1
Preferred residency (dysmobility state)
 Living in the same place 57.6 56.5
 Living with spouse/children/siblings 10.3 7.2
 Living close to children/siblings - 4.9
 Older adult care facility 31.9 31.3
Life satisfaction
 General NA 49.6
 Health status 37.1 50.5
 Economic status 28.8 37.4
Health awareness
 Healthy 37.1 49.3
 Neither healthy nor unhealthy 23.3 30.8
 Unhealthy 39.7 19.9

NA, not applicable.

Table 3. Health status and common comorbidities of Korean older 
adults

Index Unit (%) Reference
Number of chronic diseases 8)

 ≥ 1 84
 ≥ 2 54.9
 ≥ 3 27.8
Type of chronic disease (top 5)
 Hypertension 56.8–64.4 8,13,14)

  60–69 y 51.5
  ≥ 70 y 67.2
 Diabetes mellitus 24.2–29.0 8,13,15)

  60–69 y 24.2
  ≥ 70 y 31
 Dyslipidemia 17.1–38.9 8,13)

  60–69 y 42.8
  ≥ 70 y 35.1
 Osteoarthritis 16.5 8)

 Lumbar pain and sciatica 10 8)

Cognitive decline 25.3 8)

 Dementia 10.3 16)

  65–69 y 4.2
  80–74 y 8.9
  75–79 y 22
  80–84 y 27
  ≥ 85 y 35.2
Depressive symptoms 13.5 8)

 Male 10.9
 Female 15.5
Functional status 8)

 IADL disability 6.6
 ADL+IADL disability 5.6

ADL, activities of daily living; IADL, instrumental activities of daily living.
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(ADL) and instrumental activities of daily living (IADL). Approx-
imately 6.6% of older adults had limitations only in IADL, while 
5.6% of older adults had limitations in both ADL and IADL. The 
prevalence of cognitive impairment increased to 25.3% compared 
to 14.5% in 2017. In addition, the prevalence of dementia was 
10.33%, and increased with age (Table 3).8,16) 

Disabilities and Healthcare Needs 
The proportion of LTCI recipients has been increasing in the total 
Korean population, from 1.0% in 2016 to 1.3% in 2018, according 
to the 2019 Long-Term Care Status Survey.9) Among the recipi-
ents, 83.5% of the population used at least one long-term care ser-
vice among home-based and institution-based services, at a ratio 
of 7:3. Regarding eligibility levels, 4.5%, 11.4%, 32.2%, 43.8%, and 
7.7% of recipients were classified into levels 1, 2, 3, 4, and 5, respec-
tively.10) 

Among all LTCI recipients, the mean number of clinic visits for 
the last quarter was 5.3, with 11.1% of recipients visiting clinics 
more than 10 times in the last quarter. In addition, 26.8% of the re-
cipients had experienced hospitalization within the last 12 months, 

with 12.6% of the recipients experiencing institutionalization to 
convalescent hospitals. 

Frailty Status 
The prevalence of frailty in Korean older adults ranged from 2.5% 
to 55.7%, as defined by the Cardiovascular Health Study (CHS) 
frailty phenotype, frailty index, and other operational measures 
(Table 4).17-30) Recent Korean studies have shown that either frailty 
index, phenotype model, or physical performance measures could 
similarly identify older individuals at risk for geriatric adverse out-
comes.18) In addition, gait speed was inversely related to the frailty 
index and predicted adverse health outcomes (mortality or institu-
tionalization).31) The Timed Up and Go test was associated with 
both the CHS frailty phenotype and total Short Physical Perfor-
mance Battery.20) 

Sarcopenia 
The prevalence of sarcopenia ranges from 4% to 46.8% according 
to different diagnostic criteria. Recent population-based studies 
have investigated diagnostic tools for sarcopenia (Table 5).32-39) 

Table 4. Prevalence of frailty in Korean older adults

Frailty assessment Prevalence (%) Settings
Regions

Publication year Study
Urban Rural

Frailty screening CFS 51.0 Hospital (inpatients) NA NA 2021 Ko et al.23)

45.1 Hospital (inpatients) NA NA 2021 Han et al.17)

FRAIL questionnaire 27.0 Community ○ 2016 Jung et al.19)

12.4 Community ○ ○ 2018 Kim et al.22)

31.2 Hospital (inpatients) NA NA 2021 Han et al.17)

KFI 21.3 Community ○ 2010 Hwang et al.30)

9.1 Community ○ ○ 2018 Kim et al.22)

CSHA frailty definition 20.2 Community ○ ○ 2017 Ko et al.24)

TUGa) 38.4 Community ○ ○ 2020 Lee et al.25)

SPPBb) 18.2 Community ○ ○ 2020 Jung et al.20)

55.7 Community ○ 2021 Jung et al.18)

Frailty phenotype SOF 2.5 Community ○ ○ 2018 Kim et al.22)

CHS phenotype 8.4 Community ○ ○ 2008 Park et al.28)

13.2 Community ○ 2014 Jung et al.21)

17.0 Community ○ 2016 Jung et al.19)

11.4 Community ○ ○ 2018 Kim et al.22)

7.7 Community ○ ○ 2020 Lee et al.26)

Frailty index KFI-PC 17.5 Community ○ ○ 2020 Won et al.29)

Frailty index 26.3 Community ○ 2021 Jung et al.18)

Social frailty Social frailty index 20.5 Community ○ 2019 Park et al.27)

Social deficit level 32.4 Community ○ ○ 2020 Lee et al.26)

CFS, Clinical Frailty Scale; CHS, Cardiovascular Health Study; CSHA, Canadian Study of Health and Aging; KFI, Korean Frailty Index; KFI-PC, Korean Frailty 
Index for Primary Care; K-FRAIL, Korean version of the Fatigue, Resistance, Ambulation, Illness, and Loss of weight scale; SOF, Study of Osteoporotic Fracture; 
TUG, Timed Up and Go test; NA, not available.
a)10 seconds or longer was regarded as frail. b)9 seconds or less was regarded as frail.
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Calf circumference has been proposed as a surrogate marker of 
muscle mass because it was well correlated not only with appen-
dicular muscle mass and skeletal muscle index but also with physi-
cal function.40) In addition, skeletal muscle radiodensity measured 
using computed tomography at the third lumbar vertebra level was 
positively associated with jump power, which was positively cor-
related with sarcopenia, as defined by the European Working 
Group on Sarcopenia in Older People (EWGSOP2).34) Recently, a 
novel sarcopenia phenotype score (SPS), which is the sum of each 
abnormal sarcopenic marker (low muscle mass, low handgrip 
strength, and slow gait speed), was proposed in the Aging Study of 
PyeongChang Rural Area cohort. The SPS showed better dose-re-
sponse predictability of adverse health outcomes (mortality and 
institutionalization) compared to the pre-existing sarcopenia defi-

Table 5. Prevalence of sarcopenia in Korean older adults

Criteria Prevalence (%) Data sources
Regions

Publication year Study
Urban Rural

Skeletal muscle (ASM/height2 < 1 SD) Total 5.2 Community ○ - 2010 Lim et al.39)

Male 6.3
Female 4.1

Skeletal muscle (ASM/height2 < 2 SD) Total 4.0 Community ○ ○ 2015 Kim et al.36)

Male 9.3
Female 0.2

Low handgrip strength ( < 26 kg, male and < 18 kg, female) Total 46.8 Community ○ ○ 2017 Oh et al.32)

Male 33.2
Female 57.4

AWGS (2014) Total 16.5 Community - ○ 2018 Jang et al.35)

Male 14.0
Female 18.5

AWGS (2014) Total 10.2 Community ○ ○ 2018 Kim et al.38)

Male 11.4
Female 9.1

AWGS (2014) Total 16.1 Community ○ - 2019 Cha et al.33)

Male -
Female -

EWGSOP (2010) Total 8.8 Community ○ - 2015 Kim et al.36)

Male 8.8
Female 8.8

EWGSOP (2010) Total 20.8 Community ○ ○ 2019 Kim et al.37)

Male 25.5
Female 16.2

EWGSOP2 (2019) Total 9.3 Community ○ ○ 2019 Kim et al.37)

Male 11.9
Female 6.7

EWGSOP2 (2019) Total 14.7 Community ○ ○ 2021 Hong et al.34)

Male -
Female -

ASM, appendicular skeletal muscle; AWGS, Asian Working Group for sarcopenia; EWGSOP, European Working Group on Sarcopenia in Older People.

nition, especially the revised definition from the EWGSOP.41)  

CONCLUSION 

Mostly living as a single household, Korean older adults had higher 
education levels and higher private income compared with that re-
ported previously. In contrast to previous reports from the 2017 
survey, we noted the increasing adoption of information technolo-
gy in the older population. Moreover, economic status is improv-
ing in this population. We also observed trends in the older popu-
lation of caring for their own health and having improved satisfac-
tion with their general health. Healthcare providers and policy-
makers should reflect these current characteristics of older adults 
to pursue healthy aging and establish an age-friendly healthcare 
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environment. 
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INTRODUCTION 

Case 1 
Mr. A, a 74-year-old man, presented to the emergency department 
(ED) with a fever and rigor 2 days after an ultrasound-guided tran-
srectal prostate biopsy. He had a history of benign prostate hyper-
trophy, stage 2 chronic renal failure, hypertension, and hyperlipid-
emia and was an ex-smoker of 60 pack-years. He was hypotensive 
and had generalized tonic-clonic seizures at arrival. He was admit-
ted to the intensive care unit (ICU) for septic shock and was treat-
ed with intravenous broad-spectrum antibiotics, inotropic support, 
and anti-epileptic drugs. His ICU admission was complicated by 
worsening type 1 respiratory failure due to hospital-acquired pneu-
monia (HAP). Recurrent failed extubation resulted in a tracheos-
tomy 2 weeks later and 1 month after intubation, before he was 
successfully weaned off ventilatory support. He was transferred 
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out of the ICU after 5 weeks to a medical ward fully dependent on 
nasogastric feeding. The geriatric medical team engaged allied 
health professionals for his care, including physiotherapy, occupa-
tional therapy, dietitian, and speech-language therapy. Despite fa-
tigue initially limiting his participation in rehabilitation and com-
plications from HAP and upper gastrointestinal bleeding, he grad-
ually showed improvement under the individualized graded exer-
cise program. On discharge after 4 months in hospital, the patient 
was able to mobilise with a zimmer frame. Within 1 year, tracheos-
tomy decannulation was performed and the patient returned to 
normal oral feeding, and in 18 months, the patient fully recovered 
to independence in all activities of daily living (ADLs).  

Three years later, the patient presented to the Geriatrics Clinic 
for auditory and visual hallucinations, insomnia, and nocturnal 
wandering. He self-reported cognitive decline, particularly short-
term memory loss and word-finding difficulty. His family noted 
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increasing agitation and irritability, as well as increasing difficulties 
using a cellphone and performing prayers. He denied having de-
pression or anxiety. His wife complained of increased stress be-
cause of his behavioral changes, in addition to sleep deprivation 
and disruption of her daily routine. His Montreal Cognitive As-
sessment (MoCA) score was 7/20, with memory deficits, delayed 
recall, language, abstraction, naming, visuospatial, and executive 
function. He was diagnosed as having moderate-to-severe demen-
tia with behavioral and psychological symptoms of dementia and 
post-intensive care syndrome (PICS). 

Case 2 
Ms. T, a 70-year-old woman, presented to the ED with a 4-day his-
tory of fever and cough. She had a history of hypertension, hyper-
lipidemia, and uncomplicated type 2 diabetes mellitus. She was 
hypoxic and hypotensive despite initial fluid resuscitation and 
non-invasive ventilatory support. She was admitted to the ICU for 
severe community-acquired pneumonia, rapid atrial fibrillation, 
and multi-organ failure. She required short-term hemodialysis for 
renal support and prolonged intravenous antibiotics for ongoing 
bacteremia. She underwent a tracheostomy owing to her pro-
longed need for ventilatory support and nasogastric feeding. After 
2 months in the ICU, she was transferred to a geriatric medicine 
ward and was fully dependent for all ADLs. Her rehabilitation was 
complicated by fatigue, anxiety, and labile glycemic control. She 
was discharged after 3 months of hospitalization and was able to 
transfer to a wheelchair with assistance. 

Tracheostomy decannulation, normal oral diet, and return to in-
dependent mobility were achieved within 1 year. During the clini-
cal follow-up, she reported having anxiety, with occasional flash-
backs of her ICU admission. Three years later, she reported having 
short-term memory loss, which did not affect her ADLs. The pa-
tient was diagnosed as having mild cognitive impairment and 
PICS. 

Background 
Although survival rates in patients with critical illness and requir-
ing ICU care are increasing, survivors may develop long-term im-
pairments within one or more of the cognitive, psychiatric, and 
physical domains.1) This cluster of impairments is known as PICS. 
This diagnosis excludes patients having traumatic brain injuries or 
stroke. Similar debilitating effects on family members, particularly 
psychological symptoms among those caring for the patient in the 
ICU and after discharge, are termed post-intensive care syn-
drome-family (PICS-F). 

It is important to be aware of this condition in older patients. 
The number of older people with critical illnesses is increasing 

with an increase in the aging population. Compared with other pa-
tient populations, older patients account for more ICU admissions 
and have a high risk of delirium, which is a risk factor for develop-
ing cognitive dysfunction in PICS.2,3) 

Approximately 50%–70% of all ICU survivors have at least one 
PICS-related impairment, which can persist for up to 15 years after 
discharge.4) A study of Medicare beneficiaries (mean age of 76.9 
years) found that 60% of 1,520 ICU hospitalizations with severe 
sepsis were associated with worsening cognitive or physical func-
tioning 1 year after hospitalization, with 16.7% of survivors show-
ing moderate-to-severe cognitive impairment.5,6) A retrospective 
cohort study of 21,520 Medicare patients revealed that ICU stays 
of 3 days or longer, sepsis severity, older age, frailty, depression, and 
dementia increased the odds of physical disability in older adults 
receiving home care.7) Another study reported that 15% of older 
ICU survivors had a new diagnosis of dementia 3 years post-ICU 
stay, with almost 40% of new dementia cases diagnosed during the 
first year post-ICU stay.8)  

RISK FACTORS FOR PICS 

The risk factors for PICS partly depend on which among the cog-
nitive, psychiatric, and physical domains are most affected. These 
three components are interrelated, with impairment in one do-
main frequently being associated with worsening function in an-
other. The risk factors for each domain are summarized in Fig. 1. 

Cognitive

ICU delirium
Lower pre-ICU intelligence  

(i.e. lower cognitive reserve)
Sedation
Hypoxia
Glucose dysregulation

Psychiatric

Female
Age<50 years
Lower education level
Pre-existing disability/

unemployment
Pre-morbid alcohol abuse
ICU sedative +/- analgesia use

Physical (i.e. neuromuscular/
ICU-acquired weakness)

Prolonged mechanical ventilation 
(>7 days)

Sepsis
Multi-organ dysfunction
Prolonged bed-rest duration
Systemic inflammatory 

response syndrome

Fig. 1. The post-intensive care syndrome (PICS) risk factors for each 
domain. ICU, intensive care unit.
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Cognitive PICS (Case 1) 
The major risk factors for cognitive PICS include delirium, poor 
cognitive reserve, sepsis, and acute respiratory distress syndrome. 
The duration of delirium is reportedly an independent risk factor 
for cognitive impairment at 6 and 12 months.9) However, there is 
no strong evidence suggesting that older adults are at a higher risk 
for cognitive PICS than are younger adults. A prospective study of 
821 ICU patients showed similar cognitive and executive function 
scores between patients aged 65 years and older and younger pa-
tients at 3 and 12 months after discharge.2) Patients with a higher 
level of education, an indicator of cognitive reserve, had a lower 
risk of this complication at 3 and 12 months.10) Severe sepsis survi-
vors were three times more likely to develop moderate-to-severe 
cognitive dysfunction. It is unclear whether cognitive dysfunction 
is due to acute respiratory distress syndrome itself, complications 
from sepsis, or the use of mechanical ventilation. 

The main cognitive functions affected include attention or con-
centration, mental processing speed, memory, and executive func-
tion. The latter two are necessary for engaging in purposeful, 
goal-directed behaviors. Loss of these functions tends to impair re-
habilitation participation, resulting in poor functional outcomes. 
Survivors have self-reported severe cognitive impairment after 
ICU discharge that has persisted for up to 2 years.11) 

Physical PICS (Cases 1 and 2) 
Approximately 50% of older ICU survivors show functional recov-
ery after critical illness, with a median recovery time of 3 months.6) 
Older survivors of severe sepsis developed 1.5 new limitations in 
ADLs, compared with 0.5 in their non-ICU counterparts.12) Older 
survivors who were mechanically ventilated were 30% more likely 
to have an ADL disability.13) The physical impairments result in a 
need for increased support after hospital discharge. 

Pre-existing functional disability, cognitive impairment, and 
frailty are strongly associated with physical PICS or ICU-acquired 
weakness (ICU-AW). Prolonged mechanical ventilation ( > 7 
days), immobility, ongoing inflammatory response syndrome from 
sepsis, and multi-organ dysfunction are also associated with the 
development of ICU-AW. The pathophysiology of this condition 
is as follows: microvascular ischemia, catabolism, and prolonged 
immobility cause skeletal muscle wasting, whereas microvascular 
injury results in nerve ischemia, nerve-related sodium channel dys-
function, and mitochondrial injury. This leads to critical illness-re-
lated neuropathy, myopathy, or both.14) 

The BRAIN-ICU study found that physical disability signifi-
cantly contributed to poor mental health and quality of life at 3 
and 12 months post discharge.15) However, the nature of this inter-
action among physical impairment, mental health, and quality of 

life in ICU survivors requires further evaluation. 

Psychiatric PICS (Case 2) 
Patients who develop critical illnesses have higher incidences of 
premorbid psychiatric illness than do patients who do not require 
ICU hospitalization and the general population.16) Whereas ICU 
survivors have a 4- to 6-fold higher rate of psychiatric comorbidi-
ties than in the general population, those with psychiatric PICS 
tend to have underlying pre-existing psychiatric disorders. Depres-
sion, anxiety, and post-traumatic stress disorder (PTSD) are the 
three common manifestations of psychiatric PICS, occurring in 
19%–37%, 32%–40%, and 19%–22% of patients, respectively.6)  

DIAGNOSTIC EVALUATION OF PICS 

Diagnosing PICS is challenging because of the failure of early rec-
ognition and lack of screening tools for these patients. Serial assess-
ments using history, physical examination, investigations (if re-
quired), and multidisciplinary consultations between specialists 
and therapists are essential to systematically evaluate the PICS do-
mains. 

There are no validated cognitive screening tools for PICS. While 
the MoCA, Mini-Mental State Examination, and Mini-Cog are 
widely used, they are poor predictors of cognitive impairment at 6 
months or longer after discharge.17) As executive dysfunction is the 
main cognitive domain affected in PICS, the Society of Critical 
Care Medicine (SCCM) recommends using the MoCA, as it has a 
component on executive function and is sensitive for detecting 
mild cognitive impairment.18) 

Clinicians should also screen for mood disorders, particularly 
anxiety, depression, and PTSD.19) Again, there are no adequately 
validated questionnaires for survivors of critical illnesses. The 
commonly used tools include the Hospital Anxiety and Depres-
sion Scale (HADS), Impact of Events Scale-Revised (IES-R), and 
the six-item Impact of Event Scale-6 (IES-6). If a mood disorder is 
identified, patients should be asked about sexual health problems 
and sleep hygiene, as both issues tend to occur concurrently and 
may worsen psychiatric PICS. 

The manifestations of physical PICS (ICU-AW) can range from 
generalized poor mobility and multiple falls to generalized muscu-
lar weakness. This can be due to disuse or deconditioning; howev-
er, definitive diagnoses should be sought for critical illness myopa-
thy (CIM), critical illness polyneuropathy (CIP), and critical ill-
ness polyneuromyopathy (CIPNM). CIM tends to be more proxi-
mal than distal weakness with sensory preservation and atrophy 
depending on the illness duration, whereas CIP is more distal than 
proximal, with limited atrophy. CIPNM is a combination of proxi-
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mal and distal weaknesses, with distal sensory loss and variable at-
rophy. For all three types, reflexes tend to be preserved initially but 
gradually disappear as the weakness progresses, sparing the bulbar 
musculature.20) 

It may be challenging to specify the diagnosis of physical PICS 
because of the overlap of the conditions and the limited clinical ex-
amination possible for sedated or intubated patients. For example, 
it may be difficult to differentiate between CIP in patients with 
pre-existing diabetic peripheral neuropathy before ICU admission. 
However, as with both patients described here, failure to wean off 
ventilatory support may be an early indicator of physical PICS, re-
quiring confirmatory electrodiagnostic tests such as nerve conduc-
tion studies and electromyography. 

One of the main tests used to measure changes in strength and 
functional outcomes in the ICU is the physical function outcome 
measure (PFIT). This tool was initially developed to measure en-
durance, strength, cardiovascular capacity, and functional level 
among mechanically ventilated tracheostomy patients who were 
able to stand, with the test repeated after weaning from ventila-
tion.21) The tests involved assessments of strength for shoulder 
flexion and knee extension, level of assistance required for sit-to-
stand, and step cadence in steps per minute. The PFIT demon-
strated high inter-rater reliability and sensitivity in ICU patients.22) 

In the ICU setting, the 6-minute walk test (6MWT) and Timed 
Up and Go (TUG) test may not be practical, as they require space 
and consideration of how to manage drips, drains, and oxygen de-
livery systems when the patient is walking or turning. However, a 
6MWT should be performed in extubated and mobile ICU pa-
tients. A randomized controlled trial of patients admitted to the 
ICU for 5 days or longer comparing the results of the 6MWT, 
TUG, and PFIT at admission, discharge, and follow-up showed 
that the 6MWT was able to demonstrate the rate of change over 
time and between-group differences for the intervention group 
(intensive exercises in ICU, wards, and outpatients) and the con-
trol group (standard care).23) Thus, for ICU patients, although the 
PFIT may be used for initial assessment, the 6MWT should be 
used for follow-up once the patient is extubated and able to start 
mobilizing. 

It is important to obtain early input from physiotherapists and 
occupational therapists for assessment and management, including 
preemptive prevention of complications such as contractures, pref-
erably while the patient is still in the ICU.20,24)  

Comprehensive geriatric assessment should be performed, with 
continual assessment and rehabilitation until discharge. Dietitian 
input for nutrition assessment and intervention is important to en-
sure that nutritional requirements are met during the recovery 
phase. 

It is also crucial to identify the presence and severity of pre-exist-
ing illnesses within the three domains, as unchanged symptoms do 
not support the diagnosis of PICS. This is challenging for those 
without the cognitive capacity to compare their current status with 
symptoms before admission. Engagement with close family mem-
bers is beneficial in identifying the presence and nature of pre-ex-
isting comorbidities. In addition to collateral history obtained from 
caregivers and family, pre-existing clinical records of diagnoses, in-
vestigations, cognitive tests, and functional assessments, such as 
from previous physiotherapy sessions (if available), are valuable in 
objectively confirming acute changes post-ICU stay compared 
with baseline. Unfortunately, the cognitive status before ICU ad-
mission, particularly objective measures, is usually unavailable. A 
systematic review also found that most publications on PICS 
lacked information on baseline cognitive status; thus, it was not 
possible to determine whether the observed cognitive deficits 
arose de novo or represented worsening of pre-existing cognitive 
deficits.25) 

MANAGEMENT OF PICS 

The management of PICS is divided into two parts: within the 
ICU and post-ICU stay. Intensivists can reduce the risk of PICS by 
minimizing sedation, avoiding psychotropic use including antipsy-
chotics and anticholinergic agents, avoiding hypoglycemia and hy-
poxemia, environmental modifications, and prioritizing early 
physical rehabilitation and mobility for older people. The ABC-
DEF bundle approach shown in Fig. 2 has been shown to reduce 
the likelihood of death within 7 days, mechanical ventilation, 
coma, delirium, and the use of physical restraints.26,27) 

Treatment of patients with PICS involves managing individual 
impairments in each domain through multidisciplinary care. The 
physician responsible should coordinate care with other clinicians 
and allied health professionals. Early physical therapy once a pa-
tient is stable from cardiorespiratory and neurological perspectives 
may decrease cognitive impairment, improve physical function, 
and reduce psychiatric comorbidity. Cognitive enhancers and cog-
nitive rehabilitation through memory training are not effective in 
PICS. Thus, further studies are needed to identify evidence-based 
treatments for this condition. 

Although there is limited evidence to guide the discontinuation 
of antipsychotics in the post-ICU phase, it is recommended to use 
the smallest dose possible for behavioral disturbance from postop-
erative delirium and to discontinue their administration as soon as 
possible.16) If antipsychotics are required after discharge, the bene-
fits versus risks should be considered for individual patients. 

The optimal follow-up and natural progression of PICS remain 

Ann Geriatr Med Res 2021;25(2):72-78

75Post-intensive Care Syndrome



uncertain, but most patients are followed up for several years at 
regular intervals. We recommend follow-ups every 3 months after 
discharge, followed by individualized intervals according to the 
needs of each patient. This is important, as symptoms may be-
come more apparent at a later stage, as seen in Case 1. The care of 
older people with PICS requires a multidisciplinary approach, in-
cluding intervention by medical specialists, general practitioners, 
therapists, and social services. If available, referrals to established 
PICS peer support groups may assist in reducing psychological 
stress. Although PICS clinics have been introduced in the UK and 
the United States, evidence of their benefits remains conflicting. 

The symptoms and signs of PICS improve modestly over the 
first 6 to 12 months after ICU discharge. However, most patients 
have deficits persisting for years, with an associated inability to 
work, a reduced quality of life, and an increased risk of mortality.28) 
The effects of preventative or therapeutic interventions on these 
outcomes remain unknown, as is the risk for subsequent hospital-
izations, critical illnesses, or PICS recurrence.  

An important component of the ABCDEF bundle is family em-
powerment and engagement. Clinicians should evaluate family 
members for PICS-F, as they may also develop persistent physical 
and psychological symptoms after patient discharge. The risk fac-
tors for PICS-F are divided into those related to caregivers, pa-
tients, and the healthcare system. Caregiver factors associated with 
the development of PICS-F include female sex, spouse caregiver, 
low education level, pre-existing mental or physical illness, family 
history of mental illness, lack of social and professional support, 
and caregiving for more than 100 hours per month.29) Health-
care-system or ICU-related factors are potentially modifiable, such 
as limited ICU visiting hours, patient perception of being near 
death, and communication skills of ICU physicians. Patient-related 
factors play only a small role in the development of PICS-F, ac-

cording to the findings of the RECOVER study.30) 

The SCCM recommends family involvement in the care of ICU 
patients. However, these guidelines lack recommendations on how 
and when to screen family members and who is responsible for as-
sessing and managing PICS-F. Although further research is re-
quired to validate screening tools for PICS-F, we recommend close 
monitoring of family member well-being and considering referral 
for psychotherapy if indicated. 

Studies have shown that the following approaches are useful to 
improve both patient and family outcomes, resulting in a high level 
of family satisfaction and reduced family anxiety: creation of 
“open” ICUs, family witness of resuscitation efforts, ICU diaries, 
and proactive engagement of family members in patient care.31,32) 
“Open” ICUs are characterized by flexible visiting policies in terms 
of hours, number or age of visitors, daily meetings with family 
members, healthcare providers performing tasks in front of family 
members, and redesigning units to ensure family comfort and 
sleep needs. Incorporating family members into ICU care and wit-
nessing codes have been shown to reduce depression and PTSD 
risk at 3 and 12 months post discharge.33) Most studies support the 
use of ICU diaries to document events chronologically, with en-
tries from staff and family members and photographs of patients.34) 

Effective, structured communication strategies between staff 
and family members are also useful in reducing the risk of develop-
ing PICS-F. Useful approaches include conducting a family confer-
ence within 72 hours of ICU admission, ensuring consistent com-
munication from different team members, and increasing the pro-
portion of time spent listening rather than talking. Empathy is re-
quired to recognize the difficulties of being a surrogate deci-
sion-maker and having a critically ill or experiencing the impend-
ing loss of a loved one. Clinicians should identify opportunities to 
acknowledge and address family emotions, explore patient values 
and treatment preferences, explain the role of surrogate deci-
sion-makers, and affirm non-abandonment of the patient and fam-
ily, even if the patient is dying.35) These principles are summarized 
in the mnemonic “VALUE” (Value family statements, Acknowl-
edge and Listen to family emotions, Understand patients as per-
sons, and Elicit family questions) and have been shown to reduce 
PICS-F symptoms and increase family confidence in the care 
team.36,37) 

Evidence is limited or lacking regarding specific post-ICU inter-
ventions to reduce symptoms of PICS or PICS-F.38) A major barri-
er to conducting large-scale, multi-site studies is the variability of 
post-ICU follow-up. Patients and caregivers, particularly in rural 
and underserved areas, may receive follow-up at different hospitals 
or healthcare systems from their initial ICU admission. In addition 
to rehabilitation and follow-up, we recommend that patients and 

ABC
Awakening and Breathing Coordination with sedative interruption and 

ventilator liberation practices

D
Delirium monitoring and management

E
Early ambulation in the ICU haemodynamically stable and feasible

F
Family empowerment and engagement

Fig. 2. The ABCDEF bundle approach. ICU, intensive care unit.
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caregivers be provided access to support services such as home 
health care and the integration of care with the involvement of pri-
mary care physicians before discharge. 

Whereas post-ICU clinics can provide interventions for the 
management of PICS-F, family-centered care remains inconsistent, 
with ambiguity in which healthcare professionals are responsible 
for managing PICS-F. This is a significant issue, as the effects of 
PICS-F may be long-lasting and profoundly impact caregivers’ 
quality of life. 

Meanwhile, clinical practice guidelines and protocols are needed 
for the diagnosis and management of the physical and neuropsy-
chiatric sequelae of PICS. These interventions should be sys-
tem-based yet individualized to each ICU survivor and developed 
through collaboration among intensivists, geriatricians, and multi-
disciplinary teams. A recovery care coordinator should also be des-
ignated to enable care coordination for the patient and caregivers 
from the ICU, as well as the implementation of individual care 
plans to facilitate a smooth transition of care from ICU to outpa-
tient settings.2) 

Once there is improved recognition and identification of PICS, 
further research is needed to create an evidence-based approach 
and model of care to effectively manage this condition. More re-
search is also required to elucidate the mechanism for each com-
ponent of PICS (cognitive, physical, and psychiatric), develop sen-
sitive screening tools and specific confirmatory tests, and evaluate 
the effectiveness of preventive and treatment approaches for this 
condition. 

CONCLUSION 

There is limited awareness and under-recognition of PICS among 
clinicians despite its significant impact on the function and quality 
of life of patients and families. This condition may be prevented by 
encouraging early mobility in the ICU and minimizing the use of 
sedatives and antipsychotics. Once PICS is identified, rehabilita-
tion, management, and follow-up should be carried out by a multi-
disciplinary team. Further research is required to strengthen the 
evidence base for the diagnosis and management of PICS and 
PICS-F. 
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INTRODUCTION

South Korea is one of the fastest aging societies worldwide; more-
over, the estimated life expectancy of Korean people is the highest 
(in 2030) among people from developed countries.1) However, ac-
cording to the 2018 Korean Geriatrics Fact Sheet, 89.5% of older 
Korean adults had one or more chronic diseases and the annual 
national medical expenses for older adults accounted for 39.9% of 
the total medical expenses.2) With these changes in population, 
there is an overarching need to identify vulnerable older adults at 
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high risk for conditions such as multimorbidity, polypharmacy, 
low economic status, cognitive impairment, and functional de-
cline; moreover, growing evidence suggests that frailty is a core 
geriatric syndrome that is highly correlated with human aging, 
multimorbidity, and disability.3-7) Frailty is defined as a state of de-
creased physiological reserve associated with human aging and is a 
strong predictor of adverse health outcomes such as falls, fractures, 
loss of independence, disability, institutionalization, and death.8,9) 
Therefore, screening for frailty in older populations is a crucial step 
in delivering tailored multifaceted care for highly heterogeneous 
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geriatric care needs among individuals.10) 

Currently, the most commonly used frailty definitions in re-
search3,11) are the frailty phenotype and frailty index. These tools 
are less feasible for use in mass populations as they are resource in-
tensive, research oriented, and especially troublesome to adapt to 
policies of resource-limited community settings.12) As a screening 
measure, the Fatigue, Resistance, Ambulation, Illnesses, and Loss 
of weight (FRAIL) scale, a self-reported screening instrument for 
frailty developed by Morley et al.,13) is a valid method for use in 
communities. This short questionnaire is easy to administer, re-
quires minimal time and resources, and has comparable perfor-
mance in screening frailty. It has been validated in various popula-
tions and is a useful screening tool for identifying frail older 
adults.13-15) The Korean version, the K-FRAIL scale, has been vali-
dated in the Korean population, especially in older adults in urban 
communities.16,17) The FRAIL scale has been shown to have pre-
dictive validity for mortality in various studies.18,19) However, other 
health outcomes such as disability or institutionalization require 
further investigation.20) 

Thus, this study examined the association between geriatric 
conditions and health-related outcomes such as mortality, institu-
tionalization, and disability using the five-item FRAIL scale in ru-
ral community-dwelling Korean older adults.

MATERIALS AND METHODS

Study Population
We analyzed the records of participants in the Aging Study of Py-
eongchang Rural Area (ASPRA) cohort, a population-based, pro-
spective cohort study originally established in 2014 that included 
community-dwelling adult residents of Pyeongchang-gun, Gang-
won Province, South Korea who were aged 65 years and older. De-
tailed information on the original study design and measurements 
in the ASPRA has been published elsewhere.21) During annual as-
sessments, the study population continuously increased with the 
expansion of the covered region of ASPRA among Pyeongc-
hang-gun, with the inclusion and exclusion criteria remaining the 
same. Individuals were eligible for participation if they were (1) 
aged 65 years or older, (2) registered in the Community Health-
care Service, (3) ambulatory with or without an assistive device, 
(4) living at home, and (5) able to provide informed consent by 
themselves or their legal proxies. We excluded participants who 
were (1) living in nursing homes, (2) hospitalized, or (3) bedrid-
den and receiving nursing home level care at home at the time of 
enrollment. 

Between December 2014 and December 2017, 1,295 commu-
nity-dwelling individuals were enrolled in the ASPRA cohort, 

which included over 90% of eligible people living in the study area. 
Among these older adults, we used records of 1,292 people who 
completed the K-FRAIL questionnaire. All participants underwent 
a comprehensive geriatric assessment every 12 months, while 
health-related outcomes, including death, institutionalization, and 
disability, were recorded every 3 months. The characteristics of the 
original ASPRA population were generally comparable to those of 
the general Korean rural population based on the Korea National 
Health and Nutrition Examination Survey.21) The study protocol 
of the ASPRA cohort was approved by the Institutional Review 
Board of the Asan Medical Center (No. 2015-0673). Written in-
formed consent was obtained from all participants.

Frailty Screening
We used the K-FRAIL questionnaire as a screening measure for 
frailty status. The K-FRAIL is based on the original FRAIL scale,13) 
which has been validated in various populations and translated 
into Korean.16) This simple screening tool of five self-reported 
items can be assessed in 2–3 minutes with no requirement for spe-
cial equipment or sophisticated training. The questionnaire com-
prises five items: 

(1) Fatigue (responses of “all of the time” or “most of the time” 
to the following question): “How much of the time during 
the past 4 weeks did you feel tired?” 

(2) Resistance (positive response to the question): “By yourself 
and not using aids, do you have any difficulty in walking up 
10 steps without resting?” 

(3) Ambulation (positive response to the question): “By your-
self and not using aids, do you have any difficulty in walking 
300 m?” 

(4) Illnesses (five or more self-reported physician diagnoses of 
hypertension, diabetes, cancer excluding minor skin cancer, 
chronic lung disease, heart attack, congestive heart failure, 
angina, asthma, arthritis, stroke, or kidney disease), and 

(5) Loss of weight ( > 5% in the past year). 

We calculated the K-FRAIL score by combining the number of 
positive items and classified the participants as robust (0 points), 
prefrail (1–2 points), or frail (3–5 points).

Assessment of Geriatric Conditions
Trained nurses performed comprehensive geriatric assessments 
(CGAs) to evaluate geriatric conditions. Multimorbidity was de-
fined as having two or more of the 11 physician-diagnosed illness-
es such as angina, arthritis, asthma, cancer, chronic lung disease, 
congestive heart failure, diabetes, hypertension, heart attack, kid-
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ney disease, and stroke. Polypharmacy was defined as regularly 
taking five or more medications.22) Cognitive impairment was de-
fined as a Korean version of the Mini-Mental State Examination 
score of < 24.23) Depressive mood was defined as a Korean version 
of the Center for Epidemiological Studies Depression scale score 
of > 20.24) Malnutrition risk was defined as a Mini-Nutritional As-
sessment-Short Form score of ≤ 11.25) To assess physical function, 
we measured handgrip strength (kg) using a dynamometer 
(T.K.K. 5401 Grip-D; Takei, Tokyo, Japan) and averaged two mea-
surements of the dominant hand.21) We defined dysmobility as a 
slow gait (usual gait speed < 0.6 m/s from a timed 4-m walk).26) 
We calculated the Short Physical Performance Battery (SPPB) 
score from three components: the ability to stand for up to 10 sec-
onds with feet positioned in three ways (together side-by-side, 
semi-tandem, and tandem), the time to complete a 4-m walk, and 
the time to rise from a chair five times. The resultant SPPB scores 
ranged from 0 to 12, with higher scores indicating a higher level of 
function.27) Sarcopenia was defined according to the Asian Work-
ing Group for Sarcopenia as follows: decreased muscle mass (de-
creased handgrip strength of < 26 kg for men and < 18 kg for 
women) and decreased physical performance (slow gait of < 0.8 
m/s).28) Disability was defined as requiring assistance in perform-
ing any of the seven activities of daily living (ADL; bathing, conti-
nence, dressing, eating, toileting, transferring, and washing face 
and hands) or 10 instrumental activities of daily living (IADL; 
food preparation, household chores, going out on a short distance, 
grooming, handling finances, laundry, managing own medications, 
shopping, transportation, and using a telephone).21)

Outcome Measurements
This study defined major adverse health outcomes as death, insti-
tutionalization, and incidence of disability during the 3-year fol-
low-up period. We defined disability as the requirement for assis-
tance from another person in performing any one of the ADL or 
IADL.21) Health-related quality of life was assessed during the fol-
low-up period using the EuroQol-5D (EQ-5D).29) An EQ-5D 
score decline over 3 years of > 0.2 was considered clinically mean-
ingful.30) To assess these outcome measures, all participants under-
went structured interviews via phone calls every 3 months on in-
stitutionalization, death, and annualized follow-up assessments, in-
cluding CGAs for ADL, IADL, and EQ-5D.

Statistical Analysis
To compare variables for baseline characteristics according to the 
frailty status derived from the K-FRAIL scale, we used Kruskal–
Wallis and chi-square tests for continuous and discrete variables, 
respectively. To cross-sectionally assess the association between 

prevalent frailty and geriatric syndrome, we used logistic regression 
analysis with common geriatric syndromes as dependent variables 
and frailty status (robust, prefrail, and frail) as independent vari-
ables after adjusting for age and sex. For longitudinal outcome 
analysis, we used logistic regression analysis for health outcomes of 
mortality, long-term institutionalization, incidence of disability, 
and decline in EQ-5D score at 3 years from baseline, with frailty 
status (robust, prefrail, and frail) as dependent variables after ad-
justing age and sex. Mortality was further analyzed using Kaplan– 
Meier analysis, with log-rank tests and Cox proportional hazard re-
gression analysis used to examine the statistical differences in sur-
vival according to the baseline frailty status. The restricted mean 
survival time was estimated as death at 40 months. Two-sided 
p-values < 0.05 indicated statistical significance in all analyses. Sta-
tistical analyses were performed using IBM SPSS Statistics for 
Windows, version 21.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Baseline Characteristics according to Frailty Status based on 
the FRAIL Scale
As shown in Table 1, 471 (36.5%) participants were classified as 
robust, 524 (40.5%) as prefrail, and 297 (23%) as frail according 
to the K-FRAIL scale. The frail group was older, more likely to be 
female, more likely to be living alone, and had lower income than 
the other two groups (p < 0.001). The frail group also had a higher 
burden of multimorbidity and polypharmacy and was more likely 
to have depression and cognitive impairment than the other two 
groups (p < 0.001). Physical performance was worse and the prev-
alence of disability was higher in the frail group than in the other 
two groups (p < 0.001).

Associations between Frailty Status and Geriatric Conditions 
In Table 2, frailty according to the FRAIL scale was associated with 
geriatric conditions after adjusting for age and sex. The frail group 
showed a significant association with multimorbidity (odds ratio 
[OR] = 2.24; 95% confidence interval [CI], 1.57–3.21), dysmobil-
ity (OR = 5.35; 95% CI, 3.58–7.97), malnutrition (OR = 4.09; 
95% CI, 2.83–5.90), cognitive impairment (OR = 3.52; 95% CI, 
2.36–5.25), depression (OR = 27.50; 95% CI, 11.09–68.19), and 
disability (OR = 3.12; 95% CI, 2.18–4.46).

Associations between FRAIL Scale and Health Outcomes 
Longitudinal analysis showed that baseline frailty status signifi-
cantly increased the risks of mortality (OR = 3.57; 95% CI, 1.69– 
7.54), institutionalization (OR = 2.42; 95% CI, 1.30–4.51), and 
disability at 3 years (OR = 3.04; 95% CI, 1.91–4.85) but not the 
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Table 1. Baseline characteristics according to frailty status in the Korean version of the FRAIL scale  

Robust (n = 471) Prefrail (n = 524) Frail (n = 297) p-valuea)

Age (y) 72.2 ±  5.2 74.6 ± 6.1 78.3 ± 6.3 < 0.001
Sex, female 188 (40.0) 312 (59.5) 217 (73.1) < 0.001
Living alone 91 (19.3) 149 (28.4) 101 (34.0) < 0.001
Low income 21 (4.5) 37 (7.1) 30 (10.1) 0.010
BMI (kg/m2) 24.6 ± 3.3 24.5 ± 3.7 24.3 ± 3.8 0.534
Multimorbidity 139 (29.5) 210 (40.1) 168 (56.6) < 0.001
Polypharmacy 73 (15.5) 118 (22.5) 107 (36.0) < 0.001
Cognitive dysfunction 62 (13.2) 164 (31.3) 157 (52.9) < 0.001
Depressive mood 6 (1.3) 49 (9.4) 87 (29.3) < 0.001
At risk of malnutrition 1 (0.0) 20 (3.8) 43 (14.5) < 0.001
SPPB score 9.7 ± 2.3 8.0 ± 2.8 5.0 ± 3.1 < 0.001
Dysmobility 61 (13.0) 133 (25.4) 169 (56.9) < 0.001
Sarcopenia 78 (16.6) 185 (35.3) 145 (48.8) < 0.001
ADL disability 17 (3.6) 76 (14.5) 86 (29.0) < 0.001
IADL disability 111 (23.6) 149 (28.4) 176 (59.3) < 0.001

Values are presented as mean±standard deviation or number (%).
FRAIL scale, Fatigue, Resistance, Ambulation, Illnesses, & Loss of Weight scale; BMI, body mass index; SPPB, Short Physical Performance Battery; ADL, activi-
ty of daily living; IADL, instrumental activity of daily living.
a)Kruskal–Wallis test.

Table 2. Associations between frailty status and geriatric conditions  

Outcome Level Cases ORa) 95% CI p-value
Living alone (n = 341) Robust (Ref) 91 - -

Prefrail 149 1.13 0.82–1.56 0.462
Frail 101 1.08 0.73–1.61 0.702

Low income (n = 88) Robust (Ref) 21 - -
Prefrail 37 1.43 0.81–2.52 0.220
Frail 30 1.61 0.83–3.13 0.158

Multimorbidity (n = 517) Robust (Ref) 139 - -
Prefrail 210 1.33 1.01–1.75 0.047
Frail 168 2.24 1.57–3.21 < 0.001

Dysmobility (n = 363) Robust (Ref) 61 - -
Prefrail 133 1.53 1.07–2.19 0.02
Frail 169 5.35 3.58–7.97 < 0.001

Malnutrition (n = 64) Robust (Ref) 1 - -
Prefrail 20 2.29 1.72–3.06 < 0.001
Frail 43 4.09 2.83–5.90 < 0.001

Impaired cognition (n = 383) Robust (Ref) 62 - -
Prefrail 164 1.96 1.38–2.79 < 0.001
Frail 157 3.52 2.36–5.25 < 0.001

Depressive mood (n = 142) Robust (Ref) 6 - -
Prefrail 49 6.24 2.62–14.9 < 0.001
Frail 87 27.50 11.09–68.19 < 0.001

Disability (n = 615) Robust (Ref) 128 - -
Prefrail 225 1.12 0.84–1.50 0.448
Frail 262 3.12 2.18–4.46 < 0.001

OR, odds ratio; CI, confidence interval.
a)According to age, sex-adjusted logistic regression analysis.
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deterioration of the quality of life (Table 3). The differences in 
3-year mortality according to the FRAIL scale are shown in Fig. 1. 
The frail group had significantly lower estimated median survival 
(203 months) than the prefrail (410 months) and robust (357 
months) groups at 30 months follow-up (all p < 0.05).

DISCUSSION

The results of this prospective study showed that frailty according 
to the K-FRAIL scale was associated with accompanying geriatric 
conditions and with 3-year health-related outcomes such as mor-
tality, institutionalization, and disability in community-dwelling 
Korean older adults. 

The K-FRAIL scale showed high sensitivity and negative predic-
tive value in differentiating vulnerability from robustness; however, 
the quantification of frailty status with respect to various health-re-
lated outcomes has been understudied. The clinical implications 
of our findings are that frail individuals identified using the 
K-FRAIL scale have an elevated disability, institutionalization, and 
mortality profile. Therefore, these frail individuals might benefit 
from further comprehensive geriatric assessments and multi-
domain interventions. The K-FRAIL scale is correlated with the 
previously validated frailty index and other frailty measures.16) Our 
results provide evidence for the adequacy of the FRAIL scale, in-
cluding its associations with health-related outcomes, as well as 

identifying individuals with a high burden of geriatric conditions 
in rural communities. 

A previous systematic review and meta-analysis of 3–5 studies 
demonstrated high ADL (pooled OR = 9.82, compared with ro-
bustness) and IADL (pooled OR = 2.50, compared with robust-
ness) disability risks for frailty according to the FRAIL scale.20) 

Table 3. Association between FRAIL scale and health outcomes  

Outcome Level ORa) 95% CI p-value
Mortality Robust (Ref) - -

Prefrail 1.53 0.78–2.98 0.214
Frail 3.57 1.69–7.54 < 0.001

Institution Robust (Ref) - -
Prefrail 1.69 0.96–2.95 0.068
Frail 2.42 1.30–4.51 0.005

Incidence of disability Robust (Ref) - -
Prefrail 1.58 1.10–2.27 0.013
Frail 3.04 1.91–4.85 < 0.001

Mortality or institution Robust (Ref) - -
Prefrail 1.70 1.09–2.67 0.02
Frail 3.14 1.90–5.18 < 0.001

Mortality, institution, or incident disability Robust (Ref) - -
Prefrail 1.67 1.22–2.29 0.001
Frail 3.78 2.52–5.66 < 0.001

EQ-5D decrease of ≥ 0.2 Robust (Ref) - -
Prefrail 1.44 0.67–3.09 0.350
Frail 0.57 0.19–1.69 0.315

FRAIL scale, Fatigue, Resistance, Ambulation, Illnesses, & Loss of Weight scale; OR, odds ratio; CI, confidence interval; EQ-5D, EuroQol-5D.
a)For 3-year outcomes according to age, gender-adjusted logistic regression analysis.

Fig. 1. Differences in 3-year mortality according to the FRAIL (Fa-
tigue, Resistance, Ambulation, Illnesses, & Loss of Weight) scale.
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Our results using the K-FRAIL scale were consistent with previous 
results. Similar to our results, another meta-analysis of three stud-
ies showed that both frailty (pooled OR = 3.53, compared with ro-
bustness) and prefrailty (pooled OR = 1.75 compared with robust-
ness) were significantly associated with higher mortality risk.18) Al-
though previous studies less often focused on institutionalization 
as an outcome of the FRAIL scale, we found that frailty according 
to the K-FRAIL scale was associated with an increased risk of long-
term institutionalization. The results of our cross-sectional analysis 
showed that frailty was highly associated with depressed mood, 
dysmobility, risk of malnutrition, and multimorbidity. The fact 
that the FRAIL scale encompasses comorbidities should be con-
sidered when interpreting multimorbidity rates. 

However, the longitudinal analysis showed that baseline frailty 
status was not associated with future QOL. Although the mecha-
nism is not clear in the current study, the lack of association be-
tween the FRAIL scale and future QOL decline might be due to 
the characteristics of the FRAIL scale rather than the clinical con-
struct of frailty itself, with a previous study being able to produce 
meaningful changes in frailty status from the same study popula-
tion using EQ-5D as an anchor.30)

Our study has several strengths and limitations. The limitation 
was that the results were obtained from underserved older popula-
tions in rural areas, which restricted their generalizability to the 
general population of Korea. However, this cohort study included 
more than 90% of eligible older adults, with high completion rates 
of geriatric parameters in the study population. The outcomes of 
functional changes were available in our study population because 
the study population remained relatively stable, with < 5% of older 
adults immigrating or emigrating from the area except for morbidi-
ty or mortality, with the study area rather distant from major cities 
in Korea. Residents received medical and preventive care almost 
exclusively from regional community health posts operated by the 
National Health Service. Therefore, we could examine long-term 
clinical outcomes such as mortality and institutionalization. 

In conclusion, frailty according to the five-item FRAIL scale was 
associated with geriatric syndromes and 3-year health-related out-
comes in rural community-dwelling Korean older adults. In the 
context of public health, this simple screening tool for frailty as-
sessment might be applicable to older populations in Korea.
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INTRODUCTION 

Accumulating evidence suggests the clinical importance of assess-
ing the physical performance of the lower extremities in older 
adults as a diagnostic marker,1-3) outcome predictor,4-6) and clinical 
outcome measure.7-9) For example, the assessment of the physical 
performance of the lower extremities is an essential component in 
diagnosing sarcopenia, a common geriatric syndrome defined as a 
state of decreased muscle mass, muscle strength, and/or physical 
performance.2,10) Longitudinal studies have shown that decreased 
physical performance of the lower extremities is associated with 
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falls, functional decline, and mortality.11-15) Furthermore, meaning-
ful changes in physical performance following treatment are con-
sidered crucial efficacy measures in intervention studies targeting 
sarcopenia or frailty.16,17) 

Among the various tools used to assess the physical performance 
of lower extremities, the five times sit-to-stand test (5STS) is one 
of the most commonly used tests owing to its advantages in clinical 
implementation.18) The test can be performed in clinical environ-
ments with restricted time and space.19) 5STS is included in the 
consensus definition for sarcopenia, either as a separate test ( ≥ 12 
seconds for impaired physical performance) or as a component of 
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the Short Physical Performance Battery (SPPB) score (with scores 
≤ 9 indicating impaired physical performance).2) While most stud-
ies have adopted 5STS using a simple chair and stopwatch, re-
searchers have also developed instrumented approaches using sen-
sors of varying modalities to automatically or semi-automatically 
acquire 5STS measurements to minimize inter-rater variability and 
collect additional information during test protocols.18-21) 

We previously developed a multi-sensor kiosk to semi-automati-
cally perform SPPB using light detection and ranging (LiDAR) 
and loadcells to facilitate physical performance assessments in 
both clinical and research settings.21) Electronic SPPB (eSPPB) 
was comparable to SPPB performed manually by a single experi-
enced examiner.21) In addition, continuous parameters derived 
from eSPPB were used to classify frailty in geriatric outpatients.22) 
The eSPPB protocol used two sensors, i.e., a loadcell and LiDAR, 
as well as a rule-based algorithm, to determine the sit and stand 
maneuvers.21) Although the correlation between the instrumented 
5STS in eSPPB and manual 5STS was assessed semi-quantitatively 
(score ranging from 0 to 4), the validity of the rule-based algorithm 
has not yet been proven. 

Hence, we assessed the correlation between human interpreta-
tion (5STShuman) and the rule-based algorithm (5STSrule) to deter-
mine instrumented 5STS time in geriatric outpatients at a tertiary 
academic hospital. We also compared the characteristics of these 
two 5STS measurement methods in classifying sarcopenia. 

MATERIALS AND METHODS 

Study Design and Participants 
This study was performed as a retrospective cross-sectional review 
of clinical records of 165 consecutive outpatients who visited the 
geriatric outpatient clinic of Asan Medical Center between De-
cember 2020 and March 2021 and underwent physical perfor-
mance examination, including the eSPPB protocol. Communi-
ty-dwelling and ambulatory patients with or without a walking aid 
were considered for the test because eSPPB involves gait speed 
measurement. When performing eSPPB, patients with an estimat-
ed life expectancy of less than 1 year owing to advanced malignan-
cy or those with decompensated heart failure or end-stage renal 
disease, those unable to walk without other persons’ assistance, or 
those with cognitive dysfunction who could not perform eSPPB 
according to instructions were excluded. We also removed 17 du-
plicate records of patients who underwent eSPPB more than once 
and included 148 records in our final analysis. Among the study 
population, 5STS and sarcopenia were analyzed in 126 patients 
who underwent geriatric assessments, including demographic, 
medical, and sarcopenia parameters. 

The protocol for this study was reviewed and approved by the 
Institutional Review Board of the Asan Medical Center (No. 2021-
0519). Because of the retrospective nature of the study, the re-
quirement for informed consent was waived. We maintained the 
confidentiality of patients’ health information and performed our 
analysis after anonymizing the dataset. In this study, the research-
ers complied with the ethical rules for human experimentation 
stated in the Declaration of Helsinki.23)  

Measurement of 5STS  

Test protocol and sensor composition 
For 5STS, the patients were instructed to perform five sit-to-stand 
maneuvers as quickly as possible, with their arms crossed on the 
shoulders of the opposite side. To acquire 5STS data, we combined 
two sensors to simultaneously measure the seated weight and posi-
tion of participants in real time (Fig. 1). First, a loadcell measured 
the weights of the sitting participants every 10 ms and produced a 
time-weight curve. Second, a LiDAR sensor measured the distance 
from the corner of the chair to the buttock of participants to pro-
duce a time-distance curve. These sensors were connected to a 
computer using the XBee wireless protocol (Digi International 
Inc., Hopkins, MN, USA) and controlled by a software that per-
formed the standardized eSPPB protocol (Dyphi Inc., Daejeon, 
Korea).14,21) For the categorization of 5STS, we employed the 
widely used criterion for SPPB, ranging from 0 to 4 (0 for 5STS 
> 60 seconds, 1 for 16.7–60 seconds, 2 for 13.7–16.7 seconds, 3 
for 11.2–13.7 seconds, and 4 for ≤ 11.2 seconds). 

5STShuman 

Graphs of the time-weight curve and time-distance curve were in-
terpreted by HWJ who was blinded to demographic and clinical 
parameters of the participants. For interpretation, 200-ms vertical 

BA

Fig. 1. (A) Layout of the sensors (loadcell and light detection and 
ranging [LiDAR]) used in the study. (B) Sensor attached to a com-
mon chair without an armrest.
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grids were introduced in the graphs to determine the time points 
of (1) the buttock of participants detached from the chair as the 
starting point and (2) participants completed five chair stands as the 
finish point (Fig. 2) to best mimic eye observed 5STS. The duration 
between the start and finish points (5STShuman) was calculated. 

5STSrule 

For 5STSrule, we used both time-weight and time-distance curves 
to define four conceptual phases of 5STS: (1) sit, weight ≥ 10 kg; 
(2) sit-to-stand, weight < 10 kg and distance < 30 cm; (3) stand, 
weight < 1.5 kg and distance > 30 cm; and (4) stand-to-sit, weight 
≥ 1.5 kg. The cut-off values for weight and distance were estab-
lished empirically. Based on these rules, the starting point of the 
test was defined as an initial seated weight decrement of < 10 kg, 
while the ending point of the test was indicated by the fifth incre-
ment of distance exceeding 30 cm (Fig. 2). 

Sarcopenia Assessments 
Muscle mass was assessed using bioelectrical impedance analysis 
(InBody S10; InBody, Seoul, Korea). Appendicular skeletal muscle 
(ASM) was estimated by summing the muscle masses of the four 
extremities. ASM was divided by height2 (m2) to calculate the skel-
etal muscle mass index (SMI) to adjust for anthropometric differ-
ences among patients. Grip strength of the dominant hand was 
measured using a JAMAR hydraulic handgrip dynamometer (Pat-
terson Medical, Warrenville, IL, USA) with the elbow flexed at 90° 
and the participant in a seated position. For walking speed, we 

measured the 4-m usual gait speed, with a separate 1-m accelera-
tion distance that was excluded from the speed calculation.24) 

Sarcopenia was determined according to the 2019 Asian Work-
ing Group for Sarcopenia (AWGS) guidelines, in which individu-
als with low muscle mass (SMI < 7.0 kg/m2 for men and < 5.7 kg/
m2 for women), low muscle strength (grip strength < 28 kg for 
men and < 18 kg for women), or low physical performance (gait 
speed < 1.0 m/s) were considered as having sarcopenia. 

Statistical Analysis 
Descriptive statistics were analyzed for demographic and geriatric 
parameters of the study population. T-tests and chi-square tests 
were used to compare continuous and categorical variables, respec-
tively. We assessed the intraclass correlation coefficient (ICC) be-
tween 5STShuman and 5STSrule and used a scatterplot with linear re-
gression analysis to assess the correlation between 5STShuman and 
5STSrule. Bland-Altman plots and linear regression analysis of the 
means and differences were used to evaluate the potential biases 
between these two measures, with the absolute difference as a de-
pendent variable and the average as an independent variable.25) 
The kappa statistic was calculated to assess the agreement between 
categorized 5STShuman and 5STSrule scores. The performance of 
5STShuman and 5STSrule in classifying sarcopenia was assessed by re-
ceiver operating characteristic (ROC) analysis and comparisons of 
C-indices. Two-sided p-values < 0.05 were considered statistically 
significant. Analyses were performed using Stata 16.0 (StataCorp, 
College Station, TX, USA). 
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Fig. 2. Two examples of sit-to-stand tests. (A) A patient with 5STShuman and 5STSrule times of 6.4 seconds and 6.0 seconds, respectively. (B) A 
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time; 5STSrule, rule-based five times sit-to-stand test.
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RESULTS 

Basic Characteristics 
In the study population, the mean age was 76.3 ± 7.6 years, and 88 
outpatients (59.5%) were female (Table 1). The 5STShuman time 
was significantly shorter (p = 0.035) in men (11.0 ± 3.3 seconds) 
than in women (12.9 ± 6.4 seconds). Similarly, the 5STSrule time 
was significantly shorter (p = 0.026) in men (10.3 ± 3.2 seconds) 
than in women (12.2 ± 6.0 seconds). Age was positively correlated 
with both 5STShuman (standardized beta [β] = 0.30, p < 0.001) and 
5STSrule (β = 0.29, p < 0.001). The worst quintile values of 5STShu-

man and 5STSrule were 14.8 and 13.7 seconds, respectively. 

Agreements between 5STShuman and 5STSrule 

The absolute difference between STS by 5STShuman (12.2 ± 0.4 sec-
onds) and 5STSrule (11.4 ± 0.4 seconds) was 0.74 ± 0.62 seconds, 
and it did not differ significantly (p = 0.232). The correlations be-
tween these two parameters are shown in Fig. 1. Linear regression 
analysis showed that 5STShuman and 5STSrule were positively cor-
related (β = 0.99, R2 = 0.99, p < 0.001, 5STShuman = 1.05 × 5STS-

rule+0.18). The ICC of the average measures between 5STShuman 
and 5STSrule was 0.98 (p < 0.001). A proportional bias between 
5STShuman and 5STSrule was observed using linear regression (Fig. 3, 
β = 0.45, R2 = 0.19, p < 0.001). 

Since 5STS is commonly performed as a component of SPPB, 
we compared the categorical scores between 5STShuman and 5STS-

rule (Table 2). The kappa statistic between the two measures was 
0.88, suggesting a substantial agreement. 

Performance of Classifying Sarcopenia 
Among 126 patients who underwent assessments for sarcopenia, 

34 (27.0%) met the AWGS criteria for sarcopenia. Specifically, 58 
(46.0%) had low muscle mass, 42 (33.3%) had low gait speed, and 
33 (26.2%) had low grip strength. In ROC analysis (Fig. 4), the 
C-indices for classifying sarcopenia according to the AWGS crite-
ria from 5STShuman and 5STSrule were 0.826 (95% confidence inter-
val [CI], 0.749–0.903) and 0.820 (95% CI, 0.743–0.897), respec-
tively, showing no statistically significant difference (p = 0.381). 
The cut-off times with maximal sensitivity+specificity for sarcope-
nia were ≥ 13.8 seconds for 5STShuman and ≥ 12.8 seconds for 
5STSrule. 

DISCUSSION 

The results of this study demonstrated the correlation between 
5STShuman and 5STSrule from instrumented STS. Moreover, the two 
approaches showed similar abilities in detecting sarcopenia. While 
the mean difference between 5STShuman and 5STSrule was not signif-
icant in the study population, 5STSrule tended to be smaller than 
5STShuman, with intrinsic characteristics of empirically determined 
rule-based criteria defining the phase shift between the sit-to-stand 
and standing states, in contrast to human interpretation, which 
tried to capture the maximal peak of the distance between the Li-
DAR sensor and patients. To our knowledge, this study is the first 
attempt to adopt a type of sensor fusion method using both Li-
DAR and loadcells to assess 5STS.  

Previous studies have attempted to capture the dynamics of 
5STS using different sensors such as accelerometers, motion cap-
ture devices, force plates, depth cameras, and RGB camer-
as.18-20,26-29) Shukla et al.19) showed that a force plate or loadcell-em-
bedded seat could more accurately capture 5STS than depth or 
RGB cameras, with a smaller mean error size compared to a hu-
man expert examiner. In the study,19) the results of the phase-deter-
mination rule-based algorithm interpreting the time-weight curve 
of a loadcell-embedded chair were generally similar, although re-
searchers adopted a percent cut-off value to define phases rather 

Table 1. Basic characteristics of the study population

Male (n = 60) Female (n = 88) p-value
Age (y) 75.1 ± 9.5 77.0 ± 5.9 0.132
5STShuman (s) 11.0 ± 3.3 12.9 ± 6.4 0.035
5STSrule (s) 10.3 ± 3.2 12.2 ± 6.0 0.026
BMIa) (kg/m2) 23.7 ± 3.2 25.4 ± 6.5 0.088
ASM/ht2a) (kg/m2) 7.1 ± 0.85 5.8 ± 0.7 < 0.001
Grip strengtha) (kg) 34.0 ± 8.5 20.3 ± 5.4 < 0.001
Gait speeda) (m/s) 0.96 ± 0.28 0.88 ± 0.28 0.070
Hypertensiona) (%) 25 (53.2) 53 (67.1) 0.120
Diabetesa) (%) 15 (31.9) 33 (41.8) 0.271
Fall history in 1 yeara) (%) 4 (8.5) 15 (19.0) 0.122
Values are presented as mean±standard deviation or number (%).
5STShuman, human-interpreted five times sit-to-stand test time; 5STSrule, rule-
based five times sit-to-stand test time; BMI, body mass index; ASM/ht2, 
appendicular skeletal muscle mass adjusted by height.
a)Available from 47 male and 79 female patients.

Table 2. Agreement between categorized 5STShuman and 5STSrule 
scores (0 for 5STS >60 s, 1 for 16.7–60 s, 2 for 13.7–16.7 s, 3 for 
11.2–13.7 s, and 4 for ≤11.2 s)

5STSrule

5STShuman

1 2 3 4 Total
1 20 0 0 0 20
2 2 8 0 0 10
3 0 9 17 1 27
4 0 0 6 85 91
Total 22 17 23 86 148

5STShuman, human-interpreted five times sit-to-stand test time; 5STSrule, rule-
based five times sit-to-stand test.
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than the absolute weight value as used in the present study. Al-
though a single loadcell sensor could reliably measure STS, as 
demonstrated by Shukla et al.19), we noted that rule-based algo-
rithms based on loadcell data were sometimes less reliable in cap-
turing STS phases, especially in frail and underweight female pa-
tients in real-world settings. To address this issue, we added a Li-
DAR set at 45° to further acquire time-distance data by tracking 
the distance between the sensor and buttock of the participants. In 
contrast to non-wearable sensor approaches, studies have also ad-
opted wearable sensors.26,27) However, these studies generally fo-
cused on exploring new features to assess fall risk rather than mea-
suring 5STS per se. 

We observed that the rule-based interpretation provided more 
rapid 5STS, with an absolute difference of 0.7 seconds, compared 
to that for 5STShuman. A previous report showed a minimally detect-
able 5STS difference of 2.5 seconds;30) thus, the difference be-
tween 5STShuman and 5STSrule is less likely to affect the interpreta-
tion of the physical performance of patients in clinical assessments. 
Our observation of agreement between the categorized scores of 
5STShuman and 5STSrule further supports the comparability of these 
two approaches. However, to alleviate possible concerns regarding 
differences owing to the slightly biased interpretation of 5STSrule, 
regression equation between 5STShuman and 5STSrule can be per-
formed to calculate the estimated 5STShuman using the automatical-
ly measured 5STSrule. 

Although we used an empirically established rule-based algo-
rithm in the current study, there is still room for improvement in 
optimally mimicking 5STShuman. Given sufficient data from patients 
with a wide spectrum of physical performance and expert annota-
tion on time-weight and time-distance curves, machine learning 
can be used to develop better algorithms. With the development of 
improved algorithms, instrumented 5STS can be more confidently 
adopted both as a screening tool and as an outcome measure with 
minimal inter-rater variability for intervention schemes targeting 
sarcopenia. 

The strengths of this study are the implementation of sensors 
and algorithms for real-world geriatric outpatients and the clinical 
assessments of sarcopenia. While eSPPB using these sensors has 
been in clinical use since 2019, raw weight-time and distance-time 
data other than the eSPPB score were not stored in the hardware 
until a software update in December 2020 while the updated soft-
ware allowed the current post-hoc analysis for 5STS using stored 
raw eSPPB data. Similar to a previous study using continuous pa-
rameters of eSPPB for classifying frailty,22) explorations of human 

25

20

15

10

5

5S
TS

ru
le

-b
as

ed
 (s

)

5STShuman (s)

Fitted line

10 15 20 25

5

2.5

0

–2.5

–5

5S
TS

hu
m

an
 –

 5
ST

S r
ul

e-
ba

se
d (

s)

Average

+1.96 SD

–1.96 SD

105 15 20 25

BA

Fig. 3. (A) Scatterplot showing 5STShuman and 5STSrule times and their correlations according to a fitted line. (B) Bland-Altman plot of 5STShuman 
and 5STSrule times. 5STShuman, human-interpreted five times sit-to-stand test time; 5STSrule, rule-based five times sit-to-stand test.

1.00

0.75

0.50

0.25

0.00

Se
ns

iti
vi

ty

1-Specificity

5STShuman

Reference
5STSrule

0.25 0.50 0.75 1.00

Fig. 4. Receiver operating characteristic curves of 5STShuman and 
5STSrule in classifying sarcopenia according to the Asian Working 
Group Society guideline. 5STShuman, human-interpreted five times sit-
to-stand test time; 5STSrule, rule-based five times sit-to-stand test.

www.e-agmr.org

90 Hee-Won Jung et al.



kinetic features with newer algorithms using already installed sen-
sors may identify additional physical biomarkers related to sarco-
penia and frailty. 

The present study had some limitations. Most importantly, STS 
was performed only using the instrument while manually mea-
sured 5STS using the human eye and stopwatch was not available 
since the study was a retrospective analysis using stored eSPPB 
data. However, as previously demonstrated,19) 5STS by human ob-
servation is unlikely to affect the results of the current study. In ad-
dition, as a single-center study in a tertiary academic hospital in 
Korea, the generalizability of the results is limited. The statistical 
significance of the absolute difference between 5STShuman and 
5STSrule cannot be ruled out if the study was performed with suffi-
ciently large sample size. To address these issues, future studies 
with larger populations of diverse ethnicities are warranted. 

In conclusion, 5STShuman and 5STSrule times using a LiDAR and 
loadcell were correlated in older geriatric outpatients. Both mea-
sures agreed with the categorical scores of the SPPB and had com-
parable classification ability for sarcopenia. Our findings support 
clinical evidence for adopting instrumented 5STS in clinical prac-
tice and research for older adults.  
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INTRODUCTION

Frailty significantly affects older adults. Frailty syndrome is charac-
terized by decreased physiological reserves caused by multi-di-
mensional deficits associated with the aging process. Older adults 
with frailty are at an increased risk of falls and health issues, includ-
ing disability, which are correlated with increased morbidity and 
mortality.1-4) The prevalence of frailty ranges from 4.0% to 59.1%, 
with an overall prevalence rate of 10.7%.5) A previous study con-
ducted in Indonesia reported a frailty prevalence rate of 25.2% 
among older adults in the community6) compared with 29%–
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87.5% among individuals living in nursing homes in Western 
countries based on the frailty screening criteria.7) Frailty is an im-
portant factor among older individuals living in nursing homes. A 
systematic review by Zhang et al.8) showed that frailty was a predic-
tor of all-cause mortality among older individuals living in nursing 
homes. Therefore, frailty screening and multi-disciplinary inter-
vention strategies must be conducted immediately to prevent poor 
outcomes and reduce mortality rates among older individuals liv-
ing in nursing homes.

The risk factors for frailty syndrome include aging, low physical 
activity, weight loss, poor nutrition, unhealthy lifestyle habits, poor 

Copyright © 2021 by The Korean Geriatrics Society
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0002-6592-3354


living environment, comorbidities, polypharmacy, genetics, and 
female sex. These factors are interrelated, form a cycle, and cause 
conditions such as chronic malnutrition, inflammation, and dis-
ruption in hormone regulation and coagulation pathways.1) 

In middle-income countries, including Indonesia, malnutrition 
and poor energy and protein intake are significant challenges 
among older adults.9,10) Nursing homes in Indonesia are mostly 
funded by the government, private companies, and charity organi-
zations. Moreover, older adults in Indonesia usually live with their 
children and grandchildren; thus, few older adults are sent by the 
family or are admitted to nursing homes. Usually, only older adults 
with many comorbidities and poor financial support move to nurs-
ing homes. 

Previous studies have found that older individuals living in nurs-
ing homes present with cognitive impairment and depression.8) 
Studies on the association between malnutrition and physical frail-
ty among nursing home residents, particularly in Asia, where di-
etary patterns and leisure-time physical activities differ between 
countries, are limited. The development of intervention programs 
for older individuals requires the identification of important pre-
dictors of frailty. Therefore, this study aimed to determine the 
prevalence of frailty and identify its associated factors among older 
adults living in nursing homes in Indonesia.

MATERIALS AND METHODS

Study Site and Cohort
This cross-sectional study included 214 older individuals living in 
six nursing homes in Jakarta and Banten Provinces, Indonesia from 
May 2019 to July 2019. The inclusion criteria were nursing home 
residents aged > 60 years who were willing to participate in the 
study. We excluded subjects with severe dependency or inability to 
walk or grab a dynamometer or who could not understand ques-
tionnaires owing to health problems. The Research Ethics Com-
mittee of Universitas Indonesia approved this study (No. KET-
1190/UN2.F1/ETIK/PPM.00.02/2019). Written informed con-
sents were obtained from all subjects.

Data Collection
We collected data on demographic characteristics such as age, eth-
nicity, anthropometric measurements (including body weight and 
height estimated using knee height), body mass index (BMI), and 
the Comprehensive Geriatric Assessment domains. The partici-
pants were screened for depression using the 15-item Geriatric 
Depression Scale, with scores > 10 indicating depression. Malnu-
trition was assessed using the Mini Nutritional Assessment Short-
Form,11) with scores < 7 indicating malnutrition. Cognitive status 

was assessed using the Abbreviated Mental Test (AMT), with 
scores < 8 indicating cognitive impairment. Physical activity was 
measured using the Physical Activity Scale for the Elderly (PASE), 
with a cut-off score > 270 suggesting normal physical activity. 
Functional status was evaluated using the Barthel Index for activi-
ties of daily living. Scores of 100, 61–99, and ≤ 60 indicated inde-
pendence, mild and moderate dependency, and severe dependen-
cy, respectively. We defined multimorbidity in this study as the 
presence of more than two comorbidities.  

We defined frailty based on the Cardiovascular Health Study 
(CHS) criteria,12) which comprises the following items: weight 
loss, weak grip strength, slow gait speed, exhaustion, and low ener-
gy expenditure. Frailty was defined as meeting three or more of the 
five criteria, while non-frailty was defined as meeting none to two 
criteria. Handgrip strength was assessed three times using a hand-
grip dynamometer (Jamar Hydraulic Hand Dynamometer Model 
J00105; Lafayette Instrument, Lafayette, Indiana) using the domi-
nant hand at 30-minute intervals between each measurement. We 
recorded the highest value of the three measurements. Nutrition-
ists performed a 24-hour food recall to calculate the daily total en-
ergy and protein intakes.

Statistical Analysis
We performed statistical analyses using IBM SPSS Statistics for 
Windows, version 20.0 (IBM, Armonk, NY, USA). We first as-
sessed variables for homogeneity before performing the statistical 
analysis. Continuous variables are expressed as mean ± standard 
deviation (SD), and categorical variables are expressed as frequen-
cies and percentage. A bivariate analysis of categorical variables 
that might be related to frailty, such as sex, age, low physical activi-
ty, cognitive impairment, malnutrition, depression, multimorbidi-
ty, energy, and protein intake, was performed using chi-square 
tests. The multivariate analysis included variables with p values 
< 0.25 in the bivariate analysis. We performed the multivariate 
analysis using logistic regression (backward method) to identify 
factors associated with frailty among nursing home residents. Vari-
ables with p ≤ 0.05 were considered statistically significant.

RESULTS

This study recruited a total of 214 participants with a mean age of 
73.68 ± 4.30 years. Approximately 2%, 51.3%, and 46.7% of partic-
ipants were categorized as fit, pre-frail, and frail, respectively. The 
characteristics of the participants are listed in Table 1. Based on the 
results of the bivariate analysis, age, malnutrition, and depression 
were correlated with frailty syndrome (Table 2). The results of the 
final multivariate analysis (Table 3) showed that malnutrition was 
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associated with frailty syndrome among older individuals living in 
nursing homes.

DISCUSSION

Approximately 83.8% of participants had < 2 comorbidities, simi-
lar to the results of a previous study on individuals in the commu-

nity that reported ≤ 2 comorbidities in 77% of older adult partici-
pants in the community.6) Hypertension was the most common 
disease in the present study, a finding consistent with the 2013 Na-
tional Basic Health Research data showing that hypertension was 
the most frequent health issue among older adult individuals in In-
donesia.13) Although the proportion of participants with comor-
bidities was relatively small, most had a low level of physical activi-
ty and reduced handgrip strength and walking speed. The level of 
physical activity among the participants was lower than that among 
older adults in the community (PASE score: 170 [range, 156.5–
184 kcal/week] vs. 322 [range, 42–2,704 kcal/week]).14) Ismail et 
al.15) reported a higher physical activity level in an older adult pop-
ulation in Malaysia, with an average PASE score of 664.3 kcal/ 

Table 1. Participants’ characteristics

Variable All (n = 214) Non-frail group (n = 115) Frail group (n = 99)
Sex, female 152 (71) 65 (56) 89 (89)
Age (y) 73.7 ± 4.3 77.1 ± 7.9 72.9 ± 6.6
Multimorbidity 34 (16.2) 14 (12) 20 (20)
Comorbidity
 Hypertension 87 (41.9) 42 (36) 45 (45)
 Diabetes mellitus 45 (21.9) 15 (13) 30 (30)
 Coronary artery disease 30 (14) 10 (8) 20 (20)
 Stroke 10 (5.7) 6 (5) 4 (4)
Nutritional status
 Malnutrition 84 (39) 60 (52) 24 (24)
 Normal 126 (58.8) 38 (33) 88 (88)
BMI (kg/m2) 22.3 ± 4.1 22.6 ± 3.5 21.3 ± 4.6
Cognitive status
 Suspected cognitive impairment 46 (21.4) 26 (22) 20 (20)
 Normal 168 (78) 86 (74.7) 82 (82.8)
Depression or suspected 44 (20) 30 (26) 14 (14.1)
Dependency state
 Independent 208 (97) 110 (95) 98 (99)
 Mild to moderate dependency 6 (3) 5 (5) 1 (1)
Handgrip strength (kg), 16 (2–40) 19.4 (14–23) 12.9 (8–17.1)
Physical activity, PASE score (kcal/wk) 170.0 ± 13.5 189.8 ± 12.5 152.4 ± 9.0
Walking speed (m/s) 0.66 ± 0.34 0.84 ± 0.30 0.23 ± 0.03
Energy intake (kcal/day) 1,245.3 ± 72.0 1,288.0 ± 218.0 1,062.0 ± 315.0
Protein intake (kg BW/day) 36.1 ± 18.0 38.2 ± 9.1 32.2 ± 11.1

Values are presented as number of participants (%) or mean±standard deviation or median (range).
BMI, body mass index; PASE, Physical Activity Scale for the Elderly; BW, body weight.

Table 2. Bivariate analysis of factors associated with frailty syndrome

Variable OR (95% CI) p-value
Sex 0.84 (0.95–1.62) 0.340
Age > 70 y 2.07 (1.00–4.27) 0.010
Low physical activity 3.87 (0.61–24.52) 0.067
Cognitive impairment 0.80 (0.44–1.44) 0.433
Malnutrition 2.28 (1.49–3.51) < 0.001
Depression 1.72 (1.16–2.53) 0.017
Multimorbidity 1.46 (0.90–2.27) 0.236
Energy intake 1.45 (0.80–3.31) 0.310
Protein intake 2.15 (0.50–4.60) 0.280

OR, odds ratio; CI, confidence interval.

Table 3. Multivariate analysis of factors associated with frailty syn-
drome

Variable OR (95% CI) p-value
Malnutrition 4.23 (1.73–10.38) 0.002
Older age 2.83 (0.80–2.96) 0.080
Depression 8.30 (0.78–87.40) 0.070

OR, odds ratio; CI, confidence interval.
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week. The median handgrip strength of participants in the present 
study (16 kg [range, 2–40 kg]) was lower than the normal hand-
grip strength of older individuals according to the CHS criteria 
(which was in accordance with the BMI of female participants) 
and the Asian Working Group for Sarcopenia ( ≥ 18 kg).16) The 
low walking speed in this population (0.66 m/s) was even lower 
than that reported in a study in community (0.85 m/s)14) and out-
patient (0.85 m/s) settings.17) A 4-year cohort study of 3,018 par-
ticipants aged > 64 years who lived in the community in China re-
ported that women had a faster walking speed at 0.96 (SD = 0.21) 
m/s.18) 

Frailty is common among nursing home residents based on their 
low handgrip strength and walking speed. A study conducted in 
Bali, Indonesia reported a frailty prevalence rate of 43.3% com-
pared with 69.3% and 55.6%, respectively, among individuals in 
Spain19) and China.20) However, the cohorts in these previous stud-
ies were significantly older than the cohort in the current study. We 
observed a significantly higher prevalence of frailty in a relatively 
younger population, a finding that requires further assessment to 
facilitate the early diagnosis and treatment of frailty. 

We did not observe an association between age and frailty, con-
trary to the results of a study on older Indonesian communi-
ty-dwelling individuals, in which age > 70 years was significantly 
correlated with frailty (odds ratio [OR] = 5.27; 95% confidence in-
terval [CI], 2.92–9.52).16) Along with the aging process, physiolog-
ical changes such as the activation of certain inflammatory process-
es, changes in body composition (decreased fat-free muscle mass), 
hormonal imbalances, and insulin resistance, which can eventually 
contribute to the development of frailty syndrome, have also been 
observed among older adult individuals.4) 

However, we observed no relationship between low levels of 
physical activity and frailty syndrome, unlike the finding reported 
in the study by Peterson et al.,21) where participants with a low level 
of physical activity or sedentary lifestyle had higher risks of frailty 
(OR = 1.45; 95% CI, 1.04–2.01). The differences in study results 
can be attributed to the low physical activity level in most partici-
pants. 

We observed no association between cognitive impairment and 
frailty syndrome in the present study, contrary to the report by 
Chen et al.22) who showed that impaired cognitive function was in-
dependently associated with frailty syndrome (OR = 2.73; 95% 
CI, 1.09–6.83). This discrepancy might be attributed to the fact 
that most participants had normal cognitive status and different in-
struments (AMT vs. Mini-Mental State Examination [MMSE]) 
were used. Moreover, the Singapore Longitudinal Aging Study 
showed differences in the proportions of participants with differ-
ent frailty states who presented with cognitive decline (MMSE 

score < 26). In particular, the pre-frail and frail older adult groups 
with cognitive impairment (older people with cognitive frailty, ex-
cluding dementia) had increased risks of disability, worse quality 
of life, and mortality.23) 

The results of this study showed that malnutrition alone was as-
sociated with frailty. Malnutrition in the context of poor nutrition 
and obesity can be correlated with frailty syndrome by increasing 
the composition of fatty tissues in the body, which may further in-
crease the production of pro-inflammatory cytokines such as inter-
leukin-6 and C-reactive protein. Another study in Indonesia re-
ported that older adults had low energy and protein intake.13) 
Therefore, malnutrition was associated with frailty. However, these 
are two distinct entities. Both are reversible; thus, nursing home 
residents with malnutrition or pre-frailty and frailty should receive 
early treatment to prevent these conditions from worsening. As we 
excluded subjects who could not perform frailty tests or answer 
questionnaires, the limitation of this study is that the prevalence of 
frailty in this population could be under-reported. 

In conclusion, a significant proportion of older adults living in 
nursing homes presented with frailty. Malnutrition was significant-
ly associated with physical frailty. Therefore, periodic evaluations 
of the nutritional and frailty status of older adults living in nursing 
homes are needed to assess the development of malnutrition and 
frailty. Moreover, further studies are warranted to develop inter-
vention programs for malnourished, pre-frail, and frail individuals 
living in nursing homes.
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INTRODUCTION 

Hip fracture is considered the most ominous clinical outcome of 
osteoporosis because of the high mortality, morbidity, and health-
care costs.1,2) Patients with hip fractures have higher mortality rates 
during their hospital stays and for years after discharge.2) Following 
a hip fracture, mortality is higher during the initial 6 months than 
the next 6 months, and compared to that in an age-matched nor-
mal population, this increased mortality persists for several 
years.3,4) Johnston et al.5) observed that mortality among patients 
aged > 85 years with hip fractures tended to return to the level in 
the background population after 2–5 years, whereas increased 
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mortality persisted beyond 8 years post fracture among those < 85 
years. Apart from mortality related to hip fractures, deaths due to 
comorbidities also account for the increased mortality apparent af-
ter such fractures.6) 

In addition to excess mortality, hip fractures are also associated 
with high healthcare costs, which vary among countries. A Canadi-
an study in 2013 estimated a mean attributable cost in the first year 
after fracture of Can$36,929 among women and Can$39,479 
among men, translating to Can$282 million in directly attribut-
able healthcare costs in Ontario and Can$1.1 billion in Canada 
annually.7) Further, a similar study in New Zealand8) reported a 
combined total cost over 2 years post operation for hip fracture of 
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NZ$66,637,355. According to Cheung et al.,9) the direct cost of 
hip fractures will increase from US$9.5 billion in 2018 to US$15 
billion in 2050 in nine member countries of the Asian Federation 
of Osteoporosis Societies. 

Aside from the economic implications, impairment of physical 
function and quality of life (QoL) frequently occurs among hip 
fracture survivors. Nearly 40%–50% of hip fracture survivors have 
limitations in at least one activity of daily living (ADL) 12 months 
after a fracture.10,11) Studies have also shown a sharp reduction in 
physical function and QoL immediately after hip fracture, with 
partial recovery later.12-14) The high physical dependency in the 
post-fracture period is an added burden on caregivers and family 
members, leading to the institutionalization of patients who are se-
verely affected. Lin and Lu15) observed that 56.7% of caregivers in 
Taiwan reported “feeling exhausted” because of the added work-
load of caring for family members with hip fractures. 

Asia, with the expanding elderly population, will become the 
epicenter of hip fractures. On the basis of epidemiological data 
from four Asian countries—Singapore, Malaysia, Thailand, and 
Hong Kong—Lau et al.16) predicted that hip fractures would be-
come a major public health challenge in this region. Cheung et al.9) 
predicted that the number of hip fractures would increase from 
1,124,060 in 2018 to 2,563,488 in 2050 in the Asian region. De-
spite these alarming predictions, the preparedness of these coun-
tries to meet the challenges of hip fractures is not clearly evident. 
In South Asian countries, epidemiological data on patients with 
hip fracture related to causation and short- and long-term clinical 
outcomes are sparse compared to those in Western countries. This 
information gap is a major limitation to resource allocation and the 
design of health and social care pathways. More studies are needed 
to inform the relevant authorities to make changes in the current 
health and social care services to face the predicted burden of hip 
fractures in these countries. 

This 12-month follow-up study assessed the physical depen-
dence and QoL of patients admitted with incident hip fractures to 
a tertiary care center in Southern Sri Lanka. After an extensive 
search of the major electronic databases, we were unable to identi-
fy previous studies examining the QoL of hip fracture survivors in 
Sri Lanka. 

MATERIALS AND METHODS 

This prospective cohort study did not include a parallel control 
group. Follow-up data from a hip fracture registry maintained since 
September 2017 were used for this analysis. One hundred eighty 
patients with incident fragility hip fractures (FHFs) admitted con-
secutively to a tertiary care center (Teaching Hospital, Karapitiya, 

Galle) in the southern province of Sri Lanka were followed up for 
12 months. Written informed consent was obtained from all pa-
tients or their immediate family members before recruitment. This 
study included only those patients with new hip fractures resulting 
from a simple fall (from a standing height or less) and excluded pa-
tients with high-energy (non-fragility) fractures and readmissions 
for the same fracture. The study was approved by the Ethics Re-
view Committee of the Faculty of Medicine, University of Ruhuna, 
Sri Lanka (No. 19.12.2016: 3.3).  

In this study, we applied the validated Sinhala version of the 36-
Item Short-Form Survey (SF 36)17) to assess the QoL at discharge 
and at 3, 6, and 12 months post-fracture. We assessed ADL using 
the Sinhala version of the Barthel Index (BI)18) at five time points: 
1 week before the fracture; at the time of discharge; and at 3, 6, and 
12 months after the fracture. Finally, we assessed the mental state 
of the patients at discharge using the validated Sinhala version of 
the Mini-Mental State Examination (MMSE).19) Members of the 
research team visited the relevant wards regularly to collect data, 
and patients were followed up with regular telephone calls and 
in-person meetings during subsequent hospital visits. Some pa-
tients were interviewed at their residences to collect data. 

On the basis of the information on comorbidities gathered from 
patients during the interview and collected from case notes, we 
calculated the age-adjusted Charlson Comorbidity Index (ACCI) 
by weighting comorbid conditions and adding additional points 
for each decade over 40 years of age.20,21) 

Data are presented as mean ± standard deviation, median (inter-
quartile range), or number (percentage). We applied the chi-
square and independent t-test for categorical and numerical data, 
respectively, and used analysis of variance (ANOVA) to compare 
two groups. Statistical significance was set at p < 0.05. 

RESULTS 

Sociodemographic and Clinical Characteristics of Patients 
with an FHF 
The study cohort included 180 consecutive patients (149 women) 
with incident hip fractures admitted during the study period to the 
Teaching Hospital, Karapitiya, Galle, Sri Lanka. All fractures oc-
curred following minor falls from a standing height or less. Table 1 
presents the sociodemographic and clinical characteristics of the 
patients with FHF according to the management of their hip frac-
tures. Seven patients (59%) underwent surgery; the others were 
managed conservatively (non-surgically). Five patients died while 
in the hospital, whereas 28 died during the 12-month follow-up. 
Furthermore, 53 patients (29%) developed one or more complica-
tions during their hospital stay. These complications included 
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Physical Dependence and QoL of Patients with Hip Fractures 
during 12 Months Post-fracture 
An initial sharp decline and partial recovery in ADL were observed 
among patients with hip fractures (Table 3). A similar pattern was 
evident in the total score and physical and psychological domains 
of the SF-36 (Table 4). In addition, the ADL score at 12 months 
was below the pre-fracture score. 

Determinants of QoL at 12 Months 
In the correlation analysis, age and ACCI were found to be inverse-
ly related to the two domains of QoL, whereas BI measured at five 
time points showed positive correlations (Table 5). 

Analysis of the trends of BI and SF-36 values over time showed a 
steady increase in all indices in the group of patients who under-
went surgery. In contrast, no major improvement in QoL indices 
was observed, as ADL decreased slightly over time (Table 6) in pa-

Table 1. Sociodemographic and clinical characteristics of patients 
with surgically and conservatively managed fragility hip fractures

Characteristic
FHF patient management (n = 180)

Surgical  
(n = 107)

Conservative 
(n = 73)

Sex, female 90 (84.1) 59 (80.8)
Age (y) 73.6 ± 8.0 82.0 ± 8.5
History of previous fragility fracture 8 (7.5) 6 (8.2)
Family history of fragility fracture 9 (8.4) 7 (9.6)
Smoking 7 (6.5) 7 (9.6)
Alcohol consumption 9 (8.4) 10 (13.7)
Use of glucocorticoids 32 (29.9) 19 (26.0)
Comorbid conditions
 Vascular diseases 39 (36.4) 32 (43.8)
 Dementia 2 (1.9) 10 (13.7)
 COPD/bronchial asthma 23 (21.5) 22 (30.1)
 Rheumatic diseases 3 (2.8) 3 (4.1)
 Peptic ulcer disease 14 (13.1) 4 (5.5)
 Liver disease 5 (4.7) 5 (6.8)
 Diabetes mellitus 15 (14.0) 21 (28.8)
 Renal diseases 0 (0) 4 (5.5)
 Hypertension 34 (31.8) 35 (47.9)
 Hyperlipidemia 10 (9.3) 3 (4.1)

Values are presented as number of patients (%) or mean±standard deviation.
COPD, chronic obstructive pulmonary disease.

Table 2. Comparisons of complications between surgically and conservatively managed patients with fragility hip fractures

Complications
FHF patient management (n = 180)

p-valuea)

Surgical (n = 107) Conservative (n = 73)
Pressure ulcer 3 (2.8) 11 (15.1) 0.003
Wound infection 1 (0.9) 8 (11.0) 0.002
Urinary tract infection 7 (6.5) 12 (16.4) 0.034
Acute renal failure 1 (0.9) 2 (2.7) 0.353
Cardiac complication 1 (0.9) 4 (5.5) 0.068
Pneumonia 2 (1.9) 8 (11.0) 0.009
Myocardial infarction 2 (1.9) 2 (2.7) 0.697
Cerebrovascular accident 2 (1.9) 3 (4.1) 0.369
Pulmonary embolism 0 (0) 3 (4.1) 0.034
Deep venous thrombosis 0 (0) 3 (4.1) 0.034
Gastrointestinal bleeding 3 (2.8) 0 (0) 0.149
Number of complication(s)
 0 91 (85.0) 36 (49.3) <  0.001
 1 12 (11.2) 21 (28.8) <  0.001
 2+ 4 (3.7) 16 (21.9) <  0.001

Values are presented as number of patients (%).
a)Chi-square test.

pressure ulcers (14 patients, 7.8%), respiratory tract infections (10 
patients, 5.6%), urosepsis (19 patients, 10.6%), and acute myocar-
dial ischemia (4 patients, 2.2%) (Table 2). 

Table 3. Changes in the physical dependence of patients with hip 
fractures during 12 months post-fracture

Time of assessment Barthel index Physically dependent subjectsa)

Before fracture (n = 180) 100 (95–100) 10 (5.6)
At discharge (n = 175) 30 (20–45) 175 (100)
At 3 months (n = 172) 40 (15–60) 172 (100)
At 6 months (n = 159) 55 (20–80) 152 (95.6)
At 12 months (n = 147) 85(30–90) 87 (59.2)

Values are presented as median (interquartile range) or number of patients 
(%).
a)Barthel index <90.
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Table 4. Changes in SF-36 total scores and physical and psychological domains

Measure At discharge (n = 175) At 3 months (n = 172) At 6 months (n = 159) At 12 months (n = 147)
Physical health 9.6 (6.7–11.7) 19.3 (10.2–22.7) 33.8 (13.1–45.6) 44.6 (16.5–56.7)
Psychological health 13.3 (11.7–15.0) 28.3 (15.4–31.7) 44.6 (15.4–58.8) 60.8 (14.2–73.0)
Total SF-36 score 11.0 (7.9–12.8) 22.0 (11.1–25.7) 34.0 (10.7–49.9) 40.0 (8.1–60.4)

Values are presented as median (interquartile range).
SF-36, 36-item Short-Form Health Survey questionnaire.

Table 5. Correlations of two domains of the SF-36 at 12 months with selected variables

Variable
SF-36 at 12 months

p-valuea)

Physical health domain Psychological health domain
Age -0.53 -0.48 < 0.001
ACCI -0.42 -0.38 < 0.001
BI before fracture 0.33 0.35 < 0.001
BI at discharge 0.61 0.59 < 0.001
BI at 3 months 0.86 0.85 < 0.001
BI at 6 months 0.89 0.89 < 0.001
BI at 12 months 0.90 0.90 < 0.001
MMSE at discharge 0.42 0.38 < 0.001

SF-36, 36-item Short-Form Health Survey questionnaire; ACCI, age-adjusted Charlson Comorbidity Index; BI, Barthel Index; MMSE, Mini-Mental State Ex-
amination.
a)Pearson correlation.

Table 6. Trends in BI and SF-36 scores during follow-up according to the type of treatment and the presence or absence of complications

At discharge At 3 months At 6 months At 12 months
p-valuea)

Within-group Intergroup
Surgical (n = 106) (n = 105) (n = 103) (n = 101)
 SF-36 physical 11.3 ± 2.9 24.7 ± 8.8 41.6 ± 9.9 51.7 ± 10.8 < 0.001 < 0.001
 SF-36 psychological 14.1 ± 2.5 33.8 ± 9.9 54.9 ± 14.0 66.8 ± 14.4 < 0.001 < 0.001
Conservative (n = 69) (n = 67) (n = 56) (n = 46)
 SF-36 physical 5.9 ± 2.5 9.8 ± 4.0 11.1 ± 6.6 11.5 ± 6.2 < 0.001
 SF-36 psychological 10.8 ± 3.4 12.7 ± 3.9 12.2 ± 5.7 12.5 ± 7.8 < 0.001
BI
 Surgical BI 37.7 ± 10.4 56.0 ± 14.7 68.7 ± 15.5 85.8 ± 12.0 < 0.001 < 0.001
 Conservative BI 24.1 ± 9.7 17.0 ± 7.5 16.3 ± 7.6 16.6 ± 10.0 < 0.001
No complications (n = 122) (n = 121) (n = 117) (n = 116)
 SF-36 physical 9.9 ± 3.8 21.0 ± 10.6 34.5 ± 15.7 42.4 ± 20.3 < 0.001 > 0.001
 SF-36 psychological 13.3 ± 2.9 28.7 ± 12.9 44.5 ± 22.6 54.1 ± 26.6 < 0.001 > 0.001
 BI 33.3 ± 13.1 45.2 ± 23.6 53.1 ± 30.0 63.8 ± 37.2 < 0.001 < 0.001
With complications (n = 53) (n = 51) (n = 42) (n = 31)
 SF-36 physical 7.5 ± 3.4 13.7 ± 7.4 20.6 ± 16.5 26.5 ± 19.0 < 0.001
 SF-36 psychological 11.6 ± 3.6 18.4 ± 10.7 26.7 ± 23.0 33.6 ± 28.7 < 0.001
 BI 26.5 ± 11.7 24.2 ± 16.8 23.7 ± 22.5 25.0 ± 31.0 < 0.001

Values are presented as mean±standard deviation.
BI, Barthel Index; SF-36, 36-item Short-Form Health Survey questionnaire.
a)Analysis of variance (ANOVA).

tients who were managed conservatively. We observed similar 
trends for the groups of patients with one or more or no complica-
tions during their hospital stay (Table 6).  

DISCUSSION 

This analysis revealed a sharp decline in ADL and QoL after a hip 
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fracture and a gradual but partial recovery over the next 12 months. 
The ADL score of patients with FHF at 12 months did not reach 
the pre-fracture level, and nearly 60% still had a limitation of at 
least one ADL function at 12 months post fracture. 

We observed that age and comorbidity negatively impacted 
QoL at 12 months post hip fracture, whereas ADL, both pre-and 
post-fracture ADL, and MMSE score at discharge showed positive 
influences on QoL. Patients managed surgically showed steady im-
provements in both ADL and QoL over the next 12 months com-
pared with patients who were managed non-surgically. Similarly, 
patients without complications during hospital stay showed great-
er recovery of ADL and QoL than did patients with complications. 

Physical dependence and poor QoL after hip fracture are com-
mon observations, and the findings of the current study are consis-
tent with those reported previously. Analyzing a large cohort of 
10,325 patients, Gjertsen et al. 22) noticed a marked reduction in 
QoL, and 58% of patients reported walking difficulty at 12 months 
post fracture. Hall et al.10) also observed reduced QoL, difficulties 
in maintaining balance, and reduced physical activity in patients 
with hip fracture compared to those in age-matched controls. Fur-
thermore, patients with hip fractures were unable to achieve 
pre-fracture mobility and independence. Many other studies have 
also reported the negative impact of hip fractures on QoL and 
physical function, including those by Milte et al.,23) Prieto-Alham-
bra et al.,12) Tarride et al.,24) Lim,25) and Amarilla-Donoso et al.13) 

In this study, age and comorbidity negatively affected the QoL 
of patients with hip fractures, whereas cognition and function (rep-
resented by MMSE) and independence in ADL positively affected 
the QoL of patients with hip fractures. Furthermore, patients treat-
ed surgically and those without complications had better out-
comes. Amarilla-Donoso et al.13) also reported that health-related 
QoL (HRQoL) scores at 1-month post-fracture was related to 
pre-fracture BI, depression, and surgery type. The influence of 
pre-fracture BI and MMSE on the QoL of hip fracture survivors 
has also been reported by others.26) While Gjertsen et al.22) and 
Milte et al.23) showed the influence of age on the outcome of pa-
tients with hip fractures, Tarride et al.24) found that, among many 
predictors, mobility was a strong predictor of QoL in these pa-
tients. Moreover, although they observed a partial recovery of 
HRQoL after 1 month, it remained below the pre-fracture level 
even 36 months post-fracture. 

The positive association between ADL and QoL suggests the 
need for caregivers to focus on interventions that enhance the 
physical independence of patients with hip fractures. Unlike age 
and comorbidities, ADL is a modifiable determinant of QoL. 
Thus, attempts must be made to improve the QoL of these pa-
tients by improving their ADL. However, this concept needs to be 

tested in an interventional study before implementation. 
Our observations reconfirm the debilitating nature of hip frac-

tures. Although a gradual improvement in both ADL and QoL is 
observed during the first year, patients did not reach pre-fracture 
ADL, and their QoL remained lower. Furthermore, nearly 58% of 
patients were not fully physically active at 12-month post-fracture. 
Poor QoL and ADL make patients with hip fractures a burden for 
their families and caregivers.15) 

Only 59% of patients in our study group had undergone surgery. 
The reasons for non-surgical management included advanced age, 
higher comorbidity, and lack of consent for the procedure. The 
ADL and QoL at each follow-up were greater among patients who 
had undergone surgery than among those who were managed con-
servatively. Compared with non-surgical management, surgery, 
particularly when performed early, showed advantages related to 
mortality, ADL, and QoL in hip fracture patients.27) Yoon et al.28) 
reported higher cumulative mortality rates for up to 2 years and a 
higher prevalence of non-functional ambulatory state among hip 
fracture patients managed conservatively than among those who 
had undergone surgery. Furthermore, higher rates of complica-
tions (12.5% vs. 6.6%) and mortality (7.4% vs. 1.7%) were ob-
served among hip fracture patients managed conservatively than 
among those managed surgically.29)  

In the current study, all patients were followed up for 12 months 
post-fracture, except for 33 patients who died during the 12-month 
follow-up. This can be considered a strength of this study. The 
study, however, was limited to one area of the country; thus, stud-
ies of similar nature from other parts of the country are needed be-
fore generalization of the results. Another limitation was that we 
did not assess other measurements of physical function such as gait 
speed or chair rise in this study. 

In conclusion, hip fractures led to a rapid decline in ADL and 
QoL immediately after the event, with a gradual but partial recov-
ery during the first 12 months post-fracture. We observed signifi-
cant differences in the ADL and QoL between surgically and con-
servatively treated patients and between those who did and did not 
have complications. On the basis of these findings, we urge rele-
vant authorities to take steps to increase the rate of surgical treat-
ment for patients with hip fractures. To achieve this, the barriers 
and limitations of surgical treatment should be assessed and the 
necessary steps be taken to address them. Furthermore, steps 
should also be taken to avoid post-fracture complications. Most 
complications can be avoided by adhering to proper nursing prac-
tices, venous thromboembolism prophylaxis, and early mobiliza-
tion. 
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INTRODUCTION

The growth of the aging population has led to an increasing num-
ber of older drivers. Perception in vision and hearing and cognitive 
and psychomotor skills are attenuated during aging; hence, older 
drivers experience visual impairment, cognitive decrements, re-
duced judgment ability in complex traffic environments, and med-
ical disorders.1) Age appears to contribute to increased road colli-

Original Article
pISSN 2508-4798   eISSN 2508-4909

Ann Geriatr Med Res 2021;25(2):105-112
https://doi.org/10.4235/agmr.21.0027

Functional Assessment of Driving Capacity of Older Drivers Compared with 
Non-older Drivers Using Clinical Evaluations and Driving Simulations
Sang Chul Kim1,2, So Yeon Kong3, Sang-Yong Eom4,5, Byongho Choe6, Seung Jun Hong7

1Department of Emergency Medicine, Chungbuk National University College of Medicine, Cheongju, Korea 
2Department of Emergency Medicine, Chungbuk National University Hospital, Cheongju, Korea 
3Strategic Research, Laerdal Medical, Stavanger, Norway 
4Department of Preventive Medicine, Chungbuk National University College of Medicine, Cheongju, Korea 
5Office of Public Healthcare Service, Chungbuk National University Hospital, Cheongju, Korea 
6Korea Transportation Safety Authority, Hwaseong, Korea 
7Department of Smart Mechanical Automotive Engineering, Changwon Moonsung University, Changwon, Korea 

Background: This study used various tools, including a self-assessment questionnaire, the Clinical 
Assessment of Driver-Related Skills (CADReS), and a driving simulation, to discriminate between 
older and non-older drivers. Methods: We evaluated driving habits, driving-related health behav-
iors, and morbidities using a self-assessment questionnaire and examined visual, motor, and cog-
nitive functions using the CADReS and a vehicle simulator of four junction scenarios that are 
typical of accidents involving older drivers. The areas under the receiver operating characteristic 
curves (AUCs) were calculated to compare the age-related discriminating ability of these tools 
between older (≥65 years) and non-older participants. Results: Thirty of the 40 participants (75%) 
were older. Older drivers were slower than non-older drivers according to the rapid walking pace 
(8.0 vs. 6.1 seconds), and their cognitive function was poorer based on the trail-making test (117 
vs. 51 seconds). While driving on the vehicle simulator, the rate of violating traffic rules was 
higher and the maximal velocity was slower in the older group than in the non-older group. The 
AUC values for CADReS and driving simulation outcomes ranged from 0.59 to 0.95, while the 
rapid walking pace, trail-making test, and velocity of the left turn at an acute junction in the 
dark showed high discriminatory power (AUC>0.9). Conclusions: The rapid walking pace and 
trail-making test in CADReS, as well as the driving simulation, were useful tools to discriminate 
between older and non-older drivers.

Key Words: Automobile driving, Cognition, Aged, Motor capacity, Simulation training

Corresponding Author:
Sang Chul Kim, MD, PhD
Department of Emergency Medicine, 
Chungbuk National University College 
of Medicine, 1 Chungdae-ro, Seowon-
gu, Cheongju 28644, Korea
E-mail: ooiarahan@nate.com 
ORCID: 
https://orcid.org/0000-0001-9377-4993

Received: March 1, 2021 
Revised: April 17, 2021 
Accepted: May 7, 2021

This work has been presented in the fall 
conference of Korean Automobile 
Safety Association and Korean Society 
of Emergency Medicine of in 2020.  

sions as older drivers have a higher fatality rate in vehicle crashes 
owing to multiple chronic medical conditions and frailty than 
younger drivers.2) 

Healthcare providers should advise older drivers to stop driving 
or help them continue driving safely using bespoke evaluation 
tools to improve the fitness of older drivers.3) On-road testing is an 
acceptable standard method to assess driving capacity; however, it 
is time-consuming and expensive to set up various test courses and 
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can be inappropriate for older drivers who may cause dangerous 
situations during the test.4-6) Therefore, vehicle simulators are ac-
cepted as adequate tools to test driving capacity with regard to ap-
titude and performance. Driving simulation shows potential for 
use in the testing and training of older drivers. Vehicle simulators 
are also reportedly a safer and more economical method than on-
road tests for assessing the driving capacity of older drivers.4) How-
ever, the validity of vehicle simulators varies with simulator models 
and specific driving tasks; moreover, vehicle simulators have not 
been validated as a reliable tool for evaluating the driving capacity 
of older drivers.7) 

Available online or office-based simple screening tools are valid 
and reliable methods for assessing fitness to drive.8) Self-assess-
ment tools for the screening of older drivers at risk of unsafe driv-
ing include testing driver safety, a 15-item self-rating driving ques-
tionnaire, the American Automobile Association (AAA) Drivers 
65 Plus, the Driving Decisions Workbook, and the Fitness-to-
Drive Screening Measure.3) The Driving Behavior Questionnaire 
is also a reliable tool for measuring older drivers’ self-reported ab-
errant driving behaviors.8) As a more objective measure, the Clini-
cal Assessment of Driver-Related Skills (CADReS), an of-
fice-based assessment tool, has been widely used to indirectly mea-
sure crash risk in key areas of vision, cognition, and motor/sensory 
function. Functional abilities are reportedly more important than 
age in screening older drivers at risk.9) 

Instead of on-road tests, objective and subjective assessment 
tools can be used to evaluate driving capacity of older drivers com-
pared with the driving capacity of young drivers. We hypothesized 
that the driving capacity of older drivers would be inferior to that 
of young drivers. We evaluated the driving capacity, including sen-
sory, motor, and cognitive skills, of older drivers using three differ-
ent assessment tools (self-assessment questionnaire, CADReS, 
and vehicle simulator) and screened valid assessment tools by 
comparing their results to those of non-older drivers.

MATERIAL AND METHODS

Study Participants
Older drivers (aged 65 years and over) were recruited among visi-
tors at a senior welfare center located in Anyang City, and non-old-
er drivers (aged below 65 years) were recruited among workers at 
Yongsan Electronics Market in Seoul, South Korea. The inclusion 
criterion was a valid Korean driver’s license. The exclusion criteria 
were not driving or having a history of seizure for at least 1 year be-
fore participation. The participants were classified as older or 
non-older drivers. This study was conducted at the Mini Driving 
Simulation Center in Seoul between November 11, 2019 and 20, 

2019.

Development of the Self-assessment Questionnaire
We developed a self-assessment questionnaire to evaluate driving 
habits, driving-related health behaviors, and morbidities based on 
the Clinician’s Guide to Assessing and Counseling Older Drivers.3) The 
questionnaire comprises 52 questions: 5 on demographic charac-
teristics, 22 on driving habits, 5 on health behaviors, and 20 on 
chronic medical conditions that may affect driving. The assess-
ment was administered as a personal interview survey performed 
directly after the driving simulation test.

CADReS
The present study used the CADReS, developed by the American 
Medical Association, as a second-step evaluation.3) We assessed vi-
sual acuity and field; evaluated motor function using the rapid 
walking pace test and manual tests of motion range; and tested 
cognitive function using the maze test, trail-making test part B, 
clock-drawing test, and Korean-Montreal Cognitive Assessment 
(KMoCA). The assessment was conducted by two transport engi-
neers at the Korea Transportation Safety Authority (KOTSA) 
who were trained to conduct interviews and assess driving-related 
functions by an emergency medicine specialist based on the Clini-
cian’s Guide to Assessing and Counseling Older Drivers.3) The survey 
required approximately 30 minutes to complete, including an in-
troduction to the purpose and methods of the assessment.

Driving Simulation Setting
The driving simulation was conducted using a compact driving 
simulation (CDS; Inno Simulation Co. Ltd, Seoul, Korea) at the 
Yongsan Laboratory in the University of Seoul. The CDS compris-
es a steering wheel, pedals (accelerator, brake), gears, seats, and an 
instrument panel as parts of the actual vehicle. Three beam projec-
tors are connected to three computers displayed on each screen to 
prevent frame drop owing to multiple displays. In addition, three 
display panels are attached to the CDS to display the left-side mir-
ror, right-side mirror, and room-mirror screen to make the driving 
experience as realistic as possible (Fig. 1). 

Virtual driving data were recorded using the vehicle simulator 
Log Data, a function provided by UC-win/Road (FORUM8 KO-
REA, Anyang, Korea). This function automatically collects driving 
time, driving speed, driving distance, acceleration and deceleration 
speeds, brake power, revolutions per minute, steering wheel rota-
tion angle, and one-way location.

Development of the Driving Simulation Scenarios
The driving simulation for older and non-older participants was 
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performed using four junctions as follows: a right turn at an acute 
junction, going straight at an acute junction, pedestrian present at 
the right turn at a typical junction, and a left turn at an acute junc-
tion in the dark. The four junction scenarios were developed based 
on the analysis of accidents involving older drivers at urban junc-
tions obtained from the Traffic Safety Information Management 
Complex System by the KOTSA. The simulation scenarios were 
developed from actual roads by replicating road geometrics and 
traffic control devices located in Jungnang-gu, Seoul, South Korea.

Variables and Measurements
The main exposures for comparison between the two groups were 
demographics, driving behaviors, health behaviors, morbidities, 
and CADReS and driving simulation outcomes. Driving behaviors 
included driving career, driving frequency, driving time, mileage 
driven, night driving, parking methods, driving speed, driving ca-
pacity, road traffic incidences, traffic tickets, and difficulties in spe-
cific situations. Health behaviors included smoking, alcohol con-
sumption, exercise, insomnia, and sleep apnea. Morbidities includ-
ed hypertension; diabetes; and ophthalmic, ear, joint, and heart 
disorders. 

We performed the CADReS according to the instructions pro-
vided in the Clinician’s Guide to Assessing and Counseling Older 
Drivers.3) The survey, including an introduction to the purpose and 
methods of the tests, required approximately 30 minutes to com-
plete.  

Using a vehicle driving simulator, we assessed collisions, velocity 
(maximum, at the junction), and traffic violations (recognition of 
pedestrians, obeying the stop line, lane keeping, and obeying traf-
fic signals) in the four scenarios. The participants were previously 
instructed regarding the use of all operational parts of the driving 
vehicle (steering, gas and brake pedals, seat belt, rear mirror, and 
turn signals).

Statistical Analysis
Categorical variables are expressed as frequencies and percentages, 
while continuous variables are expressed as mean ± standard devi-
ation or as medians and interquartile range (IQR). Chi-square or 
Fisher exact tests were used for categorical variables and Wilcoxon 
tests for continuous variables. The AUCs (areas under the receiver 
operating characteristic [ROC] curves) were calculated to com-
pare the age-related discriminatory power of the assessment tools. 
DeLong tests were used to compare AUCs.10) All statistical analy-
ses were performed using SPSS Statistics for Windows, version 
23.0 (IBM Corp., Armonk, NY, USA). p-values were two sided, 
with a significance level of 0.05.

Ethics Statement
The Institutional Review Board of Chungbuk National University 
Hospital reviewed and approved this study (No. CBNUH 2019-
10-024-001), and we obtained informed consent from the partici-
pants before their participation.

RESULTS

Among 40 participants after excluding four who complained of 
simulator sickness, 30 (75.0%) were older drivers. The median 
(IQR) age of the older drivers was 71.5 (68.0–73.25) years, and 27 
participants (90.0%) were male. The median (IQR) age of the 10 
non-older drivers was 42.0 (25.0–46.75) years, and 3 participants 
(30.0%) were male. Older drivers with driving experiences of over 
20 years comprised 96.7% of this population. Among non-older 
drivers, 72.8% had driving experiences of less than 20 years. Older 
drivers were more likely to drive once or twice per week for 1–2 
hours per day. However, most driving behaviors did not differ sig-
nificantly between the two groups (Table 1). 

While none of the health behaviors differed significantly be-
tween older and non-older drivers, there were clinical differences 
in terms of the presence of chronic conditions between the two 
groups. Among older drivers, 20 (66.7%) had hypertension, 7 
(23.3%) had diabetes mellitus, 9 (30.0%) had cataracts, 4 (13.3%) 
had glaucoma, 2 (6.7%) had macular degeneration, 6 (20.0%) had 
degenerative arthritis, 4 (13.3%) had hearing impairment, and 3 
(10.0%) had cardiovascular disease. None of the non-older drivers 
had these chronic conditions (Table 2). 

Table 3 shows the results of the CADReS: 6 older drivers 
(20.0%) had visual field defects; regarding motor function, older 
drivers were slower than non-older ones in the rapid walking pace 
test (8.0 vs. 6.1 seconds; p < 0.001); regarding cognitive function, 
the results of older drivers were worse than those of non-older 
drivers for the KMoCA (25.0 vs. 28.3; p = 0.001), maze test (29.2 

Fig. 1. View of the compact driving simulation and visual display. 
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vs. 18.4 seconds; p = 0.004), and trail-making test (117 vs. 51 sec-
onds; p < 0.001). Four older drivers took longer than 180 seconds 
to complete the trail-making test (data not shown). However, per-
formance on the clock-drawing test did not differ significantly be-
tween the two groups (older 6.6 vs. non-older 7.0; p = 0.166). 

Table 4 shows the results of the comparisons of simulation test 
results between the two groups. In the simulation, while the fre-
quency of crashes and violation rates of the central and stop lines 
were higher in older drivers than in non-older drivers, the differ-
ences were not statistically significant. The rates of right indicator 

use in the left turn at night and in the right turn at the oblique junc-
tion were higher in older drivers than in non-older drivers 
(p = 0.014 and p = 0.708, respectively). Maximal velocity and ve-
locity at the cross-section were higher in non-older drivers than in 
older drivers (p < 0.05).

The results of the ROC curve analyses are shown in Table 5. 
The AUC values for the CADReS and driving simulation out-
comes ranged from 0.783 to 0.952, indicating moderate to high as-
sessment accuracy, except for the clock-drawing test (AUC>0.587). 
11) The rapid walking pace test, trail-making test, and velocity of the left 

Table 1. Comparison of demographics and driving behaviors between older and non-older drivers

Variable Total (n = 40) Older driver (n = 30) Non-older driver (n = 10) p-value
Age (y) 69.0 (61.0–73.0) 71.5 (68.0–73.3) 42.0 (25.0–46.8) < 0.001
BMI (kg/m2) 23.5 (22.0–25.0) 25.0 (22.3–26.0) 22.0 (22.0–22.0) 0.001
Sex, male 30 (75.0) 27 (90.0) 3 (30.0) 0.001
Educational level 0.105
 Middle school or below 7 (17.5) 7 (23.3) 0 (0)
 High school 10 (25.0) 7 (23.3) 3 (30.0)
 College or above 23 (57.5) 16 (53.3) 7 (70.0)
Driving career (y) 35 (22–35) 35 (22–35) 7 (2–18) < 0.001
Use of seat belts 0.560
 Always 37 (92.5) 27 (90.0) 10 (100)
 Not always 3 (7.5) 3 (10.0) 0 (0)
Driving frequency (day/wk) 3 (1–5) 3 (1–5) 5 (1–7) 0.034
Driving time (hr/day) 1 (1–3) 1 (1–2) 3 (1–3) 0.150
Driving distance (km/day) 25 (9–30) 25 (15–30) 20 (5–30) 0.701
Driving at night (day/wk) 1.5 (1–2) 1.5 (1–2) 2 (1–4) 0.105
Proper parking method to use in driving 0.423
 Perpendicular front 6 (15.0) 4 (13.3) 2 (20.0)
 Perpendicular back 23 (57.5) 16 (53.3) 7 (70.0)
 Parallel 2 (5.0) 2 (6.7) 0 (0)
 All 9 (22.5) 8 (26.7) 1 (10.0)
Driving speed compared with the general flow of traffic 0.254
 Faster 6 (15.0) 3 (10.0) 3 (30.0)
 About the same 30 (75.0) 23 (76.7) 7 (70.0)
 Slower 4 (10.0) 4 (13.3) 0 (0)
Driving capacity 0.333
 Excellent 12 (30.0) 9 (30.0) 3 (30.0)
 Good 12 (30.0) 7 (23.3) 5 (50.0)
 Average 15 (37.5) 13 (43.3) 2 (20.0)
 Fair 1 (2.5) 1 (3.3) 0 (0)
Road traffic incidents in the past year (yes) 6 (15.0) 5 (16.6) 1 (10.0) 0.710
Receiving a traffic ticket in the past year (yes) 13 (32.5) 12 (40.0) 1 (10.0) 0.155
Driving in the rain (yes) 29 (72.5) 23 (76.7) 6 (60.0) 0.498
Difficulty making left-hand turns across oncoming traffic (yes) 17 (42.5) 12 (40.0) 5 (50.0) 0.311
Difficulty driving in rush-hour traffic (yes) 16 (40.0) 12 (40.0) 4 (40.0) 0.655
Difficulty driving on high-traffic roads (yes) 11 (27.5) 8 (26.7) 3 (30.0) 0.732

Values are presented as median (interquartile range) or number of participants (%).
BMI, body mass index.
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turn at the acute junction in the dark showed high discriminatory 
powers (AUC > 0.9). Table 6 shows the differences in AUCs be-
tween the highest assessment accuracy variable, left-turn velocity 
at night, and other variables. The maze test results showed statisti-
cally significant differences (p = 0.044), while the results of the 
KMoCA (p = 0.051), right turn at an oblique intersection 
(p = 0.051), and going straight (p = 0.073) approached borderline 
significance.

DISCUSSION

In this study, we observed that the motor (rapid walking pace) and 

cognitive (KMoCA, maze test, trail-making test) functions of older 
drivers were inferior to those of non-older drivers. Older drivers 
who were tested on four junction scenarios implemented in a vehi-
cle simulator drove slower than non-older drivers. In particular, the 
simulation of left turns at night showed the highest discriminatory 
power between older and non-older drivers.

The comparisons of visual sensory, motor, and cognitive func-
tions using the CADReS showed that older drivers were inferior to 
non-older drivers. Rapid walking pace and trail-making time 
showed high accuracy (AUC > 0.9) to discriminate motor and 
cognition functions, respectively, between older and non-older 
drivers. In the present study, older and non-older drivers required a 

Table 2. Comparison of health behaviors and morbidity between older and non-older drivers

Variable Total (n = 40) Older driver (n = 30) Non-older driver (n = 10) p-value
Smoking 0.212
 Non-smoker 19 (47.5) 13 (43.3) 6 (60.0)
 Ex-smoker 15 (37.5) 13 (43.3) 2 (20.0)
 Smoker 6 (15.0) 4 (13.3) 2 (20.0)
Alcohol consumption 0.304
 Abstinence 6 (15.0) 5 (16.7) 1 (10.0)
 Never 6 (14.6) 6 (20.0) 0 (0)
 Current drinker 28 (70.4) 19 (63.3) 9 (90.0)
Exercise (physical activity) 0.050
 Vigorous intensity 6 (15.0) 4 (13.3) 2 (20.0)
 Moderate intensity 9 (22.5) 9 (30.0) 0 (0)
 Light intensity 25 (62.5) 17 (56.7) 8 (80.0)
Insomnia 12 (30.0) 8 (26.7) 4 (40.0) 0.451
Sleep apnea 2 (5.0) 2 (6.6) 0 (0) 0.738
Hypertension 20 (50.0) 20 (66.7) 0 (0) < 0.001
Diabetes mellitus 7 (17.5) 7 (23.3) 0 (0) 0.161
Ophthalmic disorder 13 (32.5) 13 (43.3) 0 (0) 0.016
Ear disorder 5 (12.5) 5 (16.6) 0 (0) 0.307
Joint disorder (degenerative arthritis) 6 (15.0) 6 (20.0) 0 (0) 0.105
Cardiac disorder 6 (15.0) 6 (20.0) 0 (0) 0.016

Values are presented as number of participants (%).

Table 3. Comparison of CADReS outcomes between older and non-older drivers

Variable Total (n = 40) Older driver (n = 30) Non-older driver (n = 10) p-value
Visual defect, yes 6 (15.0) 6 (20.0) 0 (0) 0.212
Motor function
 Rapid walking pace (s) 7.5 ± 1.6 8.0 ± 1.6 6.1 ± 0.7 < 0.001
Cognitive function
 KMoCA test score 25.9 ± 3.7 25.0 ± 3.4 28.3 ± 1.6 0.001
 Maze test (s) 26.4 ± 14.1 29.2 ± 14.9 18.4 ± 7.3 0.004
 Trail-making test (s) 100.0 ± 59.2 117.3 ± 59.7 51.4 ± 12.5 < 0.001
 Clock-drawing test score 6.7 ± 1.0 6.6 ± 1.1 7.0 ± 0.0 0.166

Values are presented as number of participants (%) or mean±standard deviation.
CADReS, Clinical Assessment of Driver-Related Skills; KMoCA, Korean-Montreal Cognitive Assessment.
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mean of 8.0 and 6.1 seconds, respectively, to complete the rapid 
walking pace assessments. Older drivers requiring > 9 seconds to 
complete the rapid pace walking assessment were recommended 
to consult a physician.3,12) Other studies reported that rapid walk-
ing pace measures > 7 seconds were associated with an increased 
crash risk among older drivers.13) The trail-making test, which eval-
uates cognitive ability related to attention, visual processing, and 
working memory, was correlated with driving outcomes.14) Four 
older drivers in the present study who required > 180 seconds for 
task completion in this test were recommended to consult a physi-
cian.15) 

Vehicle simulators can be used to assess driver capacities such as 
driving skills and cognition.4,16,17) These simulators are commonly 
used in clinical settings because of their high fidelity, safe environ-
ment, and reproducibility.5,18) Driving simulation was reported to 
be a valid predictor of on-road driving capacity among older driv-

ers.4) Absolute driver response validity indicates that the same re-
sult would be observed between simulation and real life. Even 
though there were no statistical differences between older and 
non-older drivers with respect to driving speed and capacity on the 
self-assessment questionnaire, the driving speed of older drivers 
was lower than that of non-older drivers during the simulation. As 
the absolute validity of the vehicle simulator used in this study was 
not assessed, future studies are warranted to validate the simulator. 
Another study also reported that older drivers drove at slower 
speeds in a vehicle simulator, which was related to a lower confi-
dence level in these drivers.6) However, the vehicle simulator is not 
an alternative tool to the on-road test but rather is a useful method 
for assessing driving-related cognitive skills and training regarding 
on-road driving skills in drivers with cognitive deficits.19,20) 

Age itself may be a risk factor for safe driving as aging reduces 
driving capacity through decreased cognition and attentional ca-

Table 4. Comparison of driving simulation outcomes in four junction scenarios between older and non-older drivers

Variable Total (n = 40) Older driver (n = 30) Non-older driver (n = 10) p-value
Right turn at an oblique junction
 Maximum velocity (km/hr) - 44.9 ± 11.4 61.4 ± 14.8 0.001
 Crash (frequency) 17 13 (50.0) 4 (40.0) 0.717
 Use of right indicator (yes) 22 17 (63.0) 5 (50.0) 0.708
Right turn with a pedestrian present
 Velocity at junction (km/hr) - 14.9 ± 6.0 26.9 ± 10.7 0.001
 Recognition of pedestrian 24 19 (79.2) 10 (100) 0.291
 Violation of stop line (frequency) 8 6 (24.0) 2 (20.0) 1.000
Left turn at night
 Velocity at junction (km/hr) - 13.3 ± 7.2 38.0 ± 21.0 < 0.001
 Right indicator 32 26 (86.7) 6 (60.0) 0.014
 Violation of central line 9 8 (29.6) 1 (10.0) 0.393
Going straight at an oblique junction
 Maximum velocity (km/hr) - 46.9 ± 11.8 62.2 ± 14.3 0.004
 Velocity at junction (km/hr) - 28.8 ± 19.1 45.2 ± 17.6 0.016
Values are presented as mean±standard deviation or number of participants (%).

Table 5. ROC curve analysis of clinical assessment and driving simulation variables to differentiate distinct age groups

Model AUC SE
95% CI

Lower Upper
Rapid walking pace (s) 0.901 0.066 0.771 1.000
KMoCA test score 0.787 0.092 0.608 0.967
Maze test (s) 0.783 0.084 0.619 0.946
Trail-making test (s) 0.928 0.049 0.832 1.000
Clock-drawing test score 0.587 0.106 0.379 0.795
Right turn at an oblique intersection (maximum velocity) 0.816 0.075 0.669 0.964
Right turn with a pedestrian present (velocity at junction) 0.860 0.070 0.723 0.997
Left turn at night (velocity at junction) 0.952 0.034 0.884 1.000
Going straight at an oblique intersection (maximum velocity) 0.807 0.097 0.616 0.998
ROC, receiver operating characteristic; AUC, area under the ROC curve; SE, standard error; CI, confidence interval; KMoCA, Korean-Montreal Cognitive As-
sessment.
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pacity.21) Self-assessment surveys are relatively easy and efficient 
methods for collecting data regarding violations, errors, and lapses. 
Driver behavior questionnaires are widely used self-assessment 
tools to measure aberrant driving behaviors in the field of road 
safety, in which violation scores are correlated with self-reported 
accidents and driving speed in a simulator.22,23) In the present study, 
the driving behaviors of older drivers did not differ from those of 
non-older drivers in terms of the subjective questionnaire, despite 
chronic disorders such as hypertension, diabetes mellitus, cataract, 
glaucoma, macular degeneration, and arthritis in older drivers. 

Our findings of slower speed at cross-sections and worse lane- 
keeping behavior in older drivers are related to their self-regulating 
behaviors.24) The poorer capacity of older drivers makes them 
avoid problematic driving situations in which they have low confi-
dence. In addition, reduced contrast sensitivity contributed to de-
creased recognition and capacity, which led to a notable decline in 
driving speed at night.25) However, older drivers adapt and behave 
safely when faced with difficult situations owing to their lengthy 
driving experiences.24) Therefore, older drivers’ increased use of in-
dicators when turning at junctions may be associated with safe be-
haviors such as an increase in following distance while driving.

This study had several limitations. First, as in most driving simu-
lation studies, the sample size was too small, which lowered the 
study power. Moreover, the sizes of the older and non-older driver 
groups differed substantially, which could explain the non-signifi-
cant results in the comparisons of the two groups. The low rate of 
women in the older driver group and the low rate of men in the 
non-older driver group also hindered the evaluation of driving be-
haviors of older male and female drivers. 

In conclusion, the results of our study showed that motor (rapid 
walking pace) and cognitive function tests (i.e., KMoCA, maze 
test, and trail-making tests) in the CADReS, as well as driving sim-
ulations using junction scenarios, were good tools to discriminate 
between older and non-older drivers. A prospective validation 
study with a larger sample is needed to determine whether these 

Table 6. Differences in AUCs between left-turn velocity at night and other variables

Contrast Difference SE
95% CI

Pr >  ChiSq
Lower Upper

Maze test, left turn at night -0.167 0.083 -0.330 -0.005 0.044
KMoCA, left turn at night -0.152 0.078 -0.305 0.001 0.051
Right turn at an oblique intersection, left turn at night -0.133 0.068 -0.266 0.000 0.051
Traveling straight, left turn at night -0.159 0.089 -0.332 0.015 0.073
Right turn with a pedestrian present, left turn at night -0.091 0.061 -0.212 0.029 0.137
Trail-making test, left turn at night -0.046 0.062 -0.168 0.076 0.463
Rapid walking pace, left turn at night -0.052 0.075 -0.199 0.095 0.486

AUC, area under the receiver operating characteristic curve; SE, standard error; CI, confidence interval; KMoCA, Korean-Montreal Cognitive Assessment.

tools can assess the fitness to drive among older drivers potentially 
at risk.

ACKNOWLEDGMENTS

CONFLICT OF INTEREST
The researchers claim no conflicts of interest.

FUNDING 
This research was supported by the Korea Transportation Safety 
Authority under Grant (No. KOTSA-2019-05).

AUTHOR CONTRIBUTION
Conceptualization, SCK; Data curation, SCK, SJH; Funding ac-
quisition, SJH, BHC; Investigation, SCK, SYK; Methodology, SCK, 
SJH; Project administration, SJH, BHC; Supervision, SJH; Writing–
original draft, SCK; Writing–review & editing, SYK, SYU.

REFERENCES

1. Langford J, Bohensky M, Koppel S, Newstead S. Do older driv-
ers pose a risk to other road users? Traffic Inj Prev 2008;9:181-9. 

2. Koppel S, Bohensky M, Langford J, Taranto D. Older drivers, 
crashes and injuries. Traffic Inj Prev 2011;12:459-67. 

3. American Geriatrics Society. Clinician’s guide to assessing and 
counseling older drivers. 4th ed. New York, NY: American Geri-
atrics Society; 2019.  

4. Lee HC, Cameron D, Lee AH. Assessing the driving perfor-
mance of older adult drivers: on-road versus simulated driving. 
Accid Anal Prev 2003;35:797-803. 

5. Bedard MB, Parkkari M, Weaver B, Riendeau J, Dahlquist M. As-
sessment of driving performance using a simulator protocol: va-
lidity and reproducibility. Am J Occup Ther 2010;64:336-40. 

6. Shechtman O, Classen S, Stephens B, Bendixen R, Belchior P, 
Sandhu M, et al. The impact of intersection design on simulated 

Ann Geriatr Med Res 2021;25(2):105-112

111Assessment of Driving Capacity of Older Drivers

https://doi.org/10.1080/15389580801975632
https://doi.org/10.1080/15389580801975632
https://doi.org/10.1080/15389588.2011.580802
https://doi.org/10.1080/15389588.2011.580802
https://doi.org/10.1016/s0001-4575(02)00083-0
https://doi.org/10.1016/s0001-4575(02)00083-0
https://doi.org/10.1016/s0001-4575(02)00083-0
https://doi.org/10.5014/ajot.64.2.336
https://doi.org/10.5014/ajot.64.2.336
https://doi.org/10.5014/ajot.64.2.336
https://doi.org/10.1080/15389580600994321
https://doi.org/10.1080/15389580600994321


driving performance of young and senior adults. Traffic Inj Prev 
2007;8:78-86. 

7. Hoskins AH, El-Gindy M. Technical report: Literature survey 
on driving simulator validation studies. Int J Heavy Veh Syst 
2006;13:241-52. 

8. Koppel S, Stephens AN, Charlton JL, Di Stefano M, Darzins P, 
Odell M, et ak. The Driver Behaviour Questionnaire for older 
drivers: do errors, violations and lapses change over time? Accid 
Anal Prev 2018;113:171-8. 

9. Ball KK, Roenker DL, Wadley VG, Edwards JD, Roth DL, Mc-
Gwin G Jr, et al. Can high-risk older drivers be identified through 
performance-based measures in a Department of Motor Vehi-
cles setting? J Am Geriatr Soc 2006;54:77-84. 

10. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the 
areas under two or more correlated receiver operating characteris-
tic curves: a nonparametric approach. Biometrics 1988;44:837-
45. 

11. Fischer JE, Bachmann LM, Jaeschke R. A readers’ guide to the 
interpretation of diagnostic test properties: Clinical example of 
sepsis. Intensive Care Med 2003;29:1043–51. 

12. Kim M, Kim S, Won CW. Test-retest reliability and sensitivity to 
change of a new fall risk assessment system: a pilot study. Ann 
Geriatr Med Res 2018;22:80-87.  

13. Staplin L, Lococo KH, Gish KW, Decina LE. Model driver 
screening and evaluation program. Volume I: project summary 
and model program recommendations (final technical report 
No. HS-809 582) [Internet]. Washington, DC: National High-
way Traffic Safety Administration; 2003 [cited 2021 May 19]. 
Available from: http://www.nhtsa.dot.gov/people/injury/old-
drive/modeldriver/vol1scr.pdf. 

14. Papandonatos GD, Ott BR, Davis JD, Barco PP, Carr DB. Clini-
cal utility of the trail-making test as a predictor of driving perfor-
mance in older adults. J Am Geriatr Soc 2015;63:2358-64. 

15. Ott BR, Davis JD, Papandonatos GD, Hewitt S, Festa EK, Hein-
del WC, et al. Assessment of driving-related skills prediction of 
unsafe driving in older adults in the office setting. J Am Geriatr 
Soc 2013;61:1164-9. 

16. Karthaus M, Falkenstein M. Functional changes and driving per-

formance in older drivers: assessment and interventions. Geriat-
rics (Basel) 2016;1:12. 

17. Fuermaier AB, Piersma D, de Waard D, Davidse RJ, de Groot J, 
Doumen MJ, et al. Assessing fitness to drive: a validation study 
on patients with mild cognitive impairment. Traffic Inj Prev 
2017;18:145-9. 

18. McGwin G Jr, Sims RV, Pulley L, Roseman JM. Relations among 
chronic medical conditions, medications, and automobile crash-
es in the elderly: a population-based case-control study. Am J 
Epidemiol 2000;152:424-31. 

19. Devos H, Morgan JC, Onyeamaechi A, Bogle CA, Holton K, 
Kruse J, et al. Use of a driving simulator to improve on-road driv-
ing performance and cognition in persons with Parkinson's dis-
ease: A pilot study. Aust Occup Ther J 2016;63:408-14. 

20. Imhoff S, Lavalliere M, Teasdale N, Fait P. Driving assessment 
and rehabilitation using a driving simulator in individuals with 
traumatic brain injury: a scoping review. NeuroRehabilitation 
2016;39:239-51. 

21. Hoffman L, McDowd JM, Atchley P, Dubinsky R. The role of vi-
sual attention in predicting driving impairment in older adults. 
Psychol Aging 2005;20:610-22. 

22. Reason J, Manstead A, Stradling S, Baxter J, Campbell K. Errors 
and violations on the roads: a real distinction? Ergonomics 
1990;33:1315-32. 

23. Zhao N, Mehler B, Reimer B, D’Ambrosio LA, Mehler A, 
Coughlin JF. An investigation of the relationship between the 
driving behavior questionnaire and objective measures of high-
way driving behavior. Transp Res Part F Traffic Psychol Behav 
2012;15:676-85. 

24. Milleville-Pennel I, Marquez S. Comparison between elderly and 
young drivers' performances on a driving simulator and self-as-
sessment of their driving attitudes and mastery. Accid Anal Prev 
2020;135:105317. 

25. Kaleem MA, Munoz BE, Munro CA, Gower EW, West SK. Vi-
sual characteristics of elderly night drivers in the Salisbury Eye 
Evaluation Driving Study. Invest Ophthalmol Vis Sci 2012; 
53:5161-7. 

www.e-agmr.org

112 Sang Chul Kim et al.

https://doi.org/10.1080/15389580600994321
https://doi.org/10.1080/15389580600994321
https://doi.org/10.1504/ijhvs.2006.010020
https://doi.org/10.1504/ijhvs.2006.010020
https://doi.org/10.1504/ijhvs.2006.010020
https://doi.org/10.1016/j.aap.2018.01.036
https://doi.org/10.1016/j.aap.2018.01.036
https://doi.org/10.1016/j.aap.2018.01.036
https://doi.org/10.1016/j.aap.2018.01.036
https://doi.org/10.1111/j.1532-5415.2005.00568.x
https://doi.org/10.1111/j.1532-5415.2005.00568.x
https://doi.org/10.1111/j.1532-5415.2005.00568.x
https://doi.org/10.1111/j.1532-5415.2005.00568.x
https://doi.org/10.2307/2531595
https://doi.org/10.2307/2531595
https://doi.org/10.2307/2531595
https://doi.org/10.2307/2531595
https://doi.org/10.1007/s00134-003-1761-8
https://doi.org/10.1007/s00134-003-1761-8
https://doi.org/10.1007/s00134-003-1761-8
https://doi.org/10.4235/agmr.2018.22.2.80
https://doi.org/10.4235/agmr.2018.22.2.80
https://doi.org/10.4235/agmr.2018.22.2.80
https://doi.org/10.1037/e438722008-001
https://doi.org/10.1037/e438722008-001
https://doi.org/10.1037/e438722008-001
https://doi.org/10.1037/e438722008-001
https://doi.org/10.1111/jgs.13776
https://doi.org/10.1111/jgs.13776
https://doi.org/10.1111/jgs.13776
https://doi.org/10.1111/jgs.12306
https://doi.org/10.1111/jgs.12306
https://doi.org/10.1111/jgs.12306
https://doi.org/10.1111/jgs.12306
https://doi.org/10.3390/geriatrics1020012
https://doi.org/10.3390/geriatrics1020012
https://doi.org/10.3390/geriatrics1020012
https://doi.org/10.1080/15389588.2016.1232809
https://doi.org/10.1080/15389588.2016.1232809
https://doi.org/10.1080/15389588.2016.1232809
https://doi.org/10.1080/15389588.2016.1232809
https://doi.org/10.1093/aje/152.5.424
https://doi.org/10.1093/aje/152.5.424
https://doi.org/10.1093/aje/152.5.424
https://doi.org/10.1093/aje/152.5.424
https://doi.org/10.1111/1440-1630.12263
https://doi.org/10.1111/1440-1630.12263
https://doi.org/10.1111/1440-1630.12263
https://doi.org/10.1111/1440-1630.12263
https://doi.org/10.3233/nre-161354
https://doi.org/10.3233/nre-161354
https://doi.org/10.3233/nre-161354
https://doi.org/10.3233/nre-161354
https://doi.org/10.1037/0882-7974.20.4.610
https://doi.org/10.1037/0882-7974.20.4.610
https://doi.org/10.1037/0882-7974.20.4.610
https://doi.org/10.1080/00140139008925335
https://doi.org/10.1080/00140139008925335
https://doi.org/10.1080/00140139008925335
https://doi.org/10.1016/j.trf.2012.08.001
https://doi.org/10.1016/j.trf.2012.08.001
https://doi.org/10.1016/j.trf.2012.08.001
https://doi.org/10.1016/j.trf.2012.08.001
https://doi.org/10.1016/j.aap.2019.105317
https://doi.org/10.1016/j.aap.2019.105317
https://doi.org/10.1016/j.aap.2019.105317
https://doi.org/10.1016/j.aap.2019.105317
https://doi.org/10.1167/iovs.12-9866
https://doi.org/10.1167/iovs.12-9866
https://doi.org/10.1167/iovs.12-9866
https://doi.org/10.1167/iovs.12-9866


INTRODUCTION 

Because of their social vulnerabilities, older persons are among the 
most affected special population during the coronavirus disease 
2019 (COVID-19) pandemic.1) Moreover, this population has 
higher risks of acquiring such illnesses owing to their advanced age 
and the presence of chronic comorbidities.2) In the Philippines, 
there were 1,276,004 confirmed cases of COVID-19, with 21,969 
deaths, with a high mortality rate disproportionately affecting old-
er Filipinos.3) This health crisis has a notable disproportionate im-
pact on most marginalized and vulnerable individuals, including 
older adults.4) The incidence of diseases, such as hypertension, dia-
betes mellitus, heart failure, and some respiratory problems, in 
most older people has greatly affected the prognosis of most pa-
tients with COVID-19, especially those aged 60 years and above.5) 
Moreover, compared to younger adults, older people affected by 
this illness have higher numbers of documented cases and risk of 
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developing complications related to COVID-19 owing to the 
abovementioned factors.6) 

Filipinos in their later years are often strongly religious and hold 
strong beliefs about God’s influence on their health and well-being. 
Their deep spirituality and faith serve as a source of strength and 
protection against stress and sorrow.7) For older adult Filipinos, 
regularly attending church (masjid for Muslims) services and par-
ticipating in church events are normal routines in their everyday 
lives.7,8) However, the social restriction measures that the society 
was forced to implement have created imbalances and disrupted 
the social interaction of older persons within their respective com-
munities.1) These policy decisions and actions have aggravated the 
conditions of these older individuals, in turn resulting in poor 
healthcare access and limited sources for their individual basic 
needs.9) Social isolation and disconnection itself poses a serious 
health concern in this special group considering both psychosocial 
and physiological aftereffect it may create during such crisis which 
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includes mental health issues and other at-risk health problems.10) 
In fact, multiple studies have shown that this COVID-19 crisis has 
led to psychological morbidities in older people including but not 
limited to depression, anxiety, increased level of stress and fear, 
sleep disturbance resulting to poor sleep quality, accelerated cogni-
tive decline and some physiological problems such as poor cardio-
vascular and impaired immunity functions while on home or quar-
antined at healthcare facilities.2,11) 

Social engagement which includes meaningful interactions and 
connectedness with others is an essential stimulus necessary for 
older person to improve their physical and mental health as indi-
viduals.1,6) Positive social connections and relationships are consid-
ered to be an integral factor for older person’s well-being as social 
beings.4) Hence, in the presence of this social disequilibrium, older 
adults are triggered to develop strategies in order to cope with such 
situation.1,2) These coping strategies are natural adaptive capacities 
known as internal resiliency12) developed by older person in re-
spond to the process of ageing and stressful life experiences such 
COVID-19 crisis.1) Coping strategies are essential factors that de-
termine one’s well-being in old age.13) It compensates or alleviates 
stressful circumstance through reformulation and adjustment to a 
new and positively assessed environment.12,13) 

The theory on need-threat internal resiliency proposed that in 
times of crisis, health needs develop into a health threat that com-
pels older persons to develop internal resiliency in order to pre-
serve their integrity, well-being and quality of life as individuals.12) 
Internal resiliency refers to the ability to adapt well in the face of 
adversity, dangers, trauma, or significant sources of stress, collec-
tively known as crisis (e.g., COVID-19 pandemic), to sustain a 
sense of purpose and vigor, as well as to emerge stronger from such 
stressful situations.1,12) In connection, this study aimed to validate 
one of the assumptions of this theory which states that in times of 
crisis when threat is perceived, older persons developed a sense of 
internal control and adaptation to the changes it creates known as 
internal resiliency,12) through a qualitative exploration of older per-
son’s experiences and coping strategies in the midst of COVID-19 
pandemic crisis. Instrumental case studies allow the researchers to 
utilize the case as a comparison point in different circumstances 
where the phenomenon may be present while testing established 
theories.14) 

To produce novel insights and a more detailed understanding of 
complex realities, diverse lived experiences, and how older people 
are making sense of and coping with what is happening around 
them during this crisis, qualitative insights are needed, influencing 
their resiliency and adaptation to such difficult situations as the 
COVID-19 pandemic.15) Moreover, understanding these factors 
and mechanism that drives older adult’s internal resilience during 

such situations could guide healthcare practitioners including 
nurses in providing an effective and efficient intervention ap-
proaches to such special population who have been greatly affected 
by this pandemic illness.6,16)  

MATERIALS AND METHODS  

Design 
A qualitative instrumental case study was adopted to conduct this 
research. This approach refers to the inquiry of a case (e.g., an indi-
vidual or specific group) to provide insights regarding a particular 
issue (such as COVID-19) and the development of internal resil-
iency in older people owing to the threat it creates among this pop-
ulation.17) This design allows researchers to use the case as a com-
parison point in other situations where the phenomenon might be 
present while developing and testing an established theory.14) 

Participants and Setting 
The target population in this study was (1) older adults aged at 
least 65 years; (2) currently living within the transitory shelters of 
Barangay Sagonsongan in Marawi City, Philippines during the 
peak months of the crisis between March and December 2020; 
and (3) showing any qualities or characteristics of adaptation 
during the COVID-19 crisis (e.g., calmness or an absence of fear 
and anxiety owing to the ongoing health crisis). This group of peo-
ple has been greatly affected by the pandemic crisis in terms of 
economic and health resources, considering their societal status 
and as victims of the previous Marawi siege crisis. The Marawi 
siege, a violent conflict between government forces and pro-ISIS 
(Islamic State) militants in the city of Marawi, forcibly displaced 
98% of the city’s inhabitants, including older adults, who were 
forced to flee owing to severe food shortages and economic con-
straints.18) As such, the present study selected these older residents 
of transitory shelters as target participants based on their experi-
ences in both past and present crises. 

Sampling 
We applied non-probability sampling using the purposive and 
snowball approach to identify five participants included in the final 
analysis. The sample size was determined by data saturation, which 
occurred when no new themes emerged from the participants’ re-
sponses following data processing.17) Purposive sampling uses the 
judgment of an expert or researcher to identify information-rich 
cases related to the phenomenon of interest17) and is widely used 
in qualitative research such as instrumental case studies.19) 
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Instrument & Data Collection 
An open-ended guide questionnaire tool was used to collect data 
during individual in-depth interviews of 15–30 minutes. Some of 
the questions were as follows: (1) “What is it like to live during the 
COVID-19 pandemic crisis?” and (2) “What are the challenges 
you have encountered during the COVID-19 pandemic crisis and 
what did you do to cope with such circumstances?” A probing 
question was asked to encourage the participants to provide more 
details about their experiences. Three qualitative research experts 
evaluated the guide questionnaire for appropriateness based on the 
research objectives. We performed a qualitative simulation before 
actual data collection to identify possible behaviors during the in-
terview process. Rigor in qualitative trustworthiness, including 
credibility, transferability, dependability, and conformability, was 
strictly observed.17) This included confirming with each partici-
pant that the detailed description accurately reflected their experi-
ences of coping with the COVID-19 crisis, as well as noting any 
unclear or misinterpreted themes or discussions, prompting the 
researchers to amend the relevant descriptions. 

Ethical Considerations 
We obtained informed consent from all participants and strictly 
observed health measures regarding COVID-19. The College of 
Health Sciences of Mindanao State University Ethics Review 
Committee provided ethics clearance (Approval code: CHS-16-
2021) as part of the research protocol included humans. Partici-
pants were anonymized by using code names (e.g., P1) during the 
transcription and analysis of their respective responses. The partic-
ipants were free to withdraw from the study at any time even after 
signing the informed consent without any consequences on their 
part. Participation was voluntary, and no compensation was pro-
vided to the participants after the interview. 

Analysis 
Phenomenological analysis using a holistic description of the 
bounded phenomenon was adopted to identify themes supporting 
the study objective.20) This thematic analysis goes from the original 
data to the identification of meanings of the participant’s verbatim 
responses, which are then organized into patterns and combined 
into themes related to the research aim and actual context.17,21) 

RESULTS 

Characteristics of the Key Participants 
The key informants for this qualitative instrumental case study in-
cluded five older adult participants comprising four women and 
one man aged 65–75 years (Table 1). Most participants were wid-

owed and were living in transitory shelters of the Sagonsongan area 
in Marawi City since COVID-19 began in 2020. 

Thematic Analysis 
Sixty-two significant statements from the five older adult partici-
pants were extracted from the interview transcripts to generate 
meanings from their verbatim responses. Careful analysis of these 
statements revealed five main themes and 13 subthemes that ex-
plained the experiences and coping strategies of older adults 
during the COVID-19 crisis. These themes and their correspond-
ing subthemes are summarized in Table 2 and discussed further in 
the following sections. 

Theme 1: Everyday Struggles 
This theme included three subthemes, as described below. During 
a crisis, older adults’ constant challenges with their daily lives 
forced them to adapt and deal with the situation, a process referred 
to as internal resiliency. 

Table 1. Participant profile

Code name Age (y) Sex Civil status
P1 75 Female Widowed
P2 67 Female Widowed
P3 72 Female Widowed
P4 66 Female Widowed
P5 65 Male Married

Table 2. Derived themes and subthemes

Theme Sub-theme
Everyday struggles Prohibited from going outside and activity 

limitations
Insufficient government support
Lack of income or livelihood

Embracing reality Acceptance
Left with no other choices

Cultivating a strong spirituality Belief in one’s fate
Surrendering self to God and being left  

without fear
Strong belief and trust in God
Considering the situation to be a blessing 

from God
Finding things to enjoy Practicing religious rituals and prayers

Alternative diversional activities to alleviate 
boredom

Health consciousness Observing and taking precautions regarding 
one’s health

Misconceptions regarding COVID-19

COVID-19, coronavirus disease 2019.
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Sub-theme 1: Prohibition of going outside and limitation of activities 
Most participants reported that the restriction of their normal ac-
tivities, namely the prohibition of leaving their respective residenc-
es, caused them more difficulties than the threat that this virus 
posed to their health as older adults. These movement restrictions 
forced the participants to individually adapt and cope with their 
everyday lives, as indicated by one of the participants’ statements: 

“When we talk of the way I live right now, I am not having a hard 
time because of this COVID-19 crisis but because of the protocols 
in which we are being prohibited to go outside.” (P1) 

Sub-theme 2: Insufficient government support 
The participants indicated that the government provided very little 
support since the crisis began. Moreover, some of the participants 
had not received any government assistance during the pandemic 
crisis. Thus, they were forced to seek alternative sources of living, 
such as financial help from relatives or neighbors, to survive and 
cope with the challenges that this crisis imposed on them as older 
adults. This was supported by the following statement from one of 
the participants:  

“Since they had initiated this strict lockdown policy every Sun-
day’s, we are having a hard time to find ways where we can get our 
source of living considering that there was no any constant reliefs 
or aids from the local government.” (P2) 

Sub-theme 3: Lack of sources of income or livelihood 
The participants also described the difficulties they had experi-
enced in surviving this pandemic crisis, not because of the health 
threats posed by the illness but rather due to the challenges associ-
ated with a lack of financial resources. Some participants were still 
living with their grandchildren who were also responsible for 
them. Despite these difficulties, the participants were forced to 
find ways to adapt and cope with the crisis by looking for possible 
sources of income. This was supported by the following statement 
from one of the participants: 

“What makes it difficult for us now is that no one wants to buy 
what we sell and we can’t also look for another source of living due 
to this pandemic.” (P5) 

Theme 2: Embracing Reality 
This theme included two subthemes, as described below. When a 
crisis arises, an older adult embraces reality to adapt to the situa-
tion, which is referred to as internal resiliency. 

Sub-theme 1: Acceptance 
According to older adult participants, such crises have happened 
before, and the only thing that they can do is recognize their exis-
tence in our society. They indicated that they must accept this situ-
ation to adapt and continue what they have become used to in life. 
This was supported by the following statement from one of the 
participants: 

“What is happening now is the same as what happened before 
which they called measles but all we can do is have patience and to 
accept the reality because it already happened and came to us.” 
(P4) 

Sub-theme 2: Left with no other choices 
COVID-19 left most of the participants feeling that they had no 
choice but to recognize its presence and accept that they must 
leave it to God and adapt to certain circumstances to live as they 
had become accustomed. This was supported by the following 
statement from one of the participants: 

“I don’t have a choice but to leave this with God, that’s the rea-
son I am saying that we are not having a hard time because of this 
COVID-19 crisis.” (P1) 

Theme 3: Cultivating a Strong Spirituality 
This theme included four subthemes, as described below. To re-
spond to this situation, older adults typically cultivated a deep spir-
ituality during times of hardship (crises), which is referred to as in-
ternal resiliency. 

Sub-theme 1: Belief in one’s fate 
Most participants expressed the value and critical need to believe 
in one’s destiny to adapt and deal with the pandemic crisis. Accord-
ingly, they also felt that if God allowed you to become infected, 
even if you planned to hide, you would become infected and would 
be unable to avoid the virus. This view was supported by the fol-
lowing participant statement: 

“One of the blessings of God for me is that I haven’t been to doc-
tor since this pandemic happened because I believe that man was 
resurrected in this world with fate. This mean that what a person 
does or is doing is what God will give him. A person can work to 
get sick if he or she does not avoid them.” (P3)  

Sub-theme 2: Surrendering self to God and being left with no fear 
Most older adults in this study said that they had surrendered 
themselves to God’s will and that what matters was that they were 
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following and practicing the prescribed preventive measures to 
avoid being infected with this virus. They said that they felt un-
afraid, knowing that God would be there to support and help them 
no matter what challenges the crisis brought to them as individu-
als. This belief was illustrated by the following participant state-
ment: 

“I always come to God when I have a problem and I’m having a 
hard time. Like the previous days where we had difficulties and 
problems with livelihood and what I did was I trusted him and re-
ported all these problems during my prayers and a few days later, 
his help came to my family.” (P4) 

Sub-theme 3: Strong belief and trust to God 
Older adult participants claimed that they worshiped and strength-
ened their relationship with God while also placing their complete 
confidence in God during this crisis as they believed that faith and 
prayers were the only factors to help them forget problems brought 
about by the current pandemic crisis. Therefore, the participants 
reported feeling at ease and experiencing a lack of anxiety when 
going about their daily lives during the crisis. This feeling was sup-
ported by the following participant statement: 

“God knows that the only thing I am doing is to worship him 
and I always ask for help from him to exclude me from getting in-
fected from this virus.” (P1) 

Sub-theme 4: Considering the situation as a blessing from God 
The participants reported that trials and crises such as COVID-19 
are blessings from God since they teach us to appreciate the little 
things in life. This was also his way of making them feel and under-
stand that all powers belong to God and that God is the only one 
who can turn negative situations into positive ones. This view was 
supported by the following participant statement: 

“This is one of the blessings of God (ALLAH swt) for us to 
know our current standing as of today.” (P3) 

Theme 4: Finding Things to Enjoy 
This theme included two subthemes, as described below. To adjust 
to unforeseen circumstances, such as crises, older adults are trig-
gered to cope by having something enjoyable to do, which is 
known as internal resiliency. 

Sub-theme 1: Practice of religious rituals and prayers 
According to the participants, one of the main coping mechanisms 
during the pandemic crisis was reading the Qur’an (the holy book 

for Muslims) and conducting their routine prayers daily. They in-
dicated that these actions provided them strength and protection 
to prevent COVID-19. Accordingly, they helped the participants 
to adjust and appreciate things the way they did before the crisis by 
observing religious rituals and prayers at home. This is supported 
by the following participant statement: 

“What I usually do to cope from this situation is I keep on per-
forming daily prayers and ask God to end this pandemic so that we 
can go out.” (P4) 

Sub-theme 2: Alternative diversional activities to alleviate boredom 
To address this situation, most of the participants sought alterna-
tive diversionary activities, which also made them appreciate the 
simple activities in which they had participated before the pan-
demic, resulting in adaptation to the ongoing crisis, such as garden-
ing in their small backyards, watching television with their loved 
ones, and having a brief talk with their neighbors. This was sup-
ported by the following participant statement: 

“These little flowers we’ve planted on the sides of our house are 
the only thing that helps me to get rid of my boredom.” (P2) 

Theme 5: Health Consciousness 
This theme included two subthemes, as described below. During a 
crisis, older adults tend to be more health-conscious, particularly 
when a threat is perceived, which motivates them to cope with the 
situation, a tendency referred to as internal resiliency. 

Sub-theme 1: Observing and taking precautions regarding one’s 
health 
As a result of the danger that this illness posed to their health, most 
older adults admitted to being more health-conscious. They also 
described having been extremely vigilant in following and putting 
into practice the recommended health precautions to avoid con-
tracting COVID-19. These shifts in health-seeking attitudes com-
pelled them to respond to the pandemic’s continuing crisis. This 
change was supported by the following participant statement: 

“What I did was I continued to avoid the prohibitions in my ill-
ness so I was also kept away from the need for a doctor’s help. I 
continued to avoid do and don’ts in my illness. I have been very 
careful.” (P3) 

Sub-theme 2: Misconceptions regarding COVID-19 
Most study participants acknowledged having certain misconcep-
tions about the current health crisis. These misunderstandings re-
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sulted from a variety of factors, including hearsay and a lack of in-
formation about the disease. Owing to their uncertainty regarding 
the virus, the participants become more health-conscious, espe-
cially in terms of following health precautions to avoid being in-
fected, which required them to adapt or cope with the current pan-
demic crisis. This change was supported by the following partici-
pant statement: 

“I am still undecided whether I will give my consent to be vacci-
nated in case there’s this vaccine to be allotted for the whole com-
munity due to the different issues and hearsays existing about this 
vaccine.” (P2) 

DISCUSSION 

This study tested one of the assumptions of Need-Threat Internal 
Resiliency Theory, which states that when a threat is perceived in 
times of crisis, older persons develop a sense of internal control 
and adapt to changes caused by the crisis, known as internal resil-
iency. We identified five key themes, each of which illustrated and 
described the different internal regulations and adaptations that 
evolved to adapt or cope with the ongoing pandemic crisis, as pro-
posed by the Need-Threat Internal Resiliency Theory. 

The first theme, everyday struggles, explains how, during the 
COVID-19 crisis, challenges with their daily lives forced older 
adults to adapt and deal with their situations, a response referred to 
as internal resiliency. As we face the COVID-19 crisis, older adults 
are among the most vulnerable populations because the pandemic 
has severely tested their resources and capacities for adaptation 
and resilience.22) The individual coping strategies in this popula-
tion are significantly affected by financial problems.23) These 
events may be attributed to the imposition of community quaran-
tines and lockdowns in most areas, in which public and private es-
tablishments, including businesses, public transit, workplaces, and 
other essential operations, were halted for months, causing vulner-
able communities (e.g., older adults and people living in poverty) 
to struggle in terms of day-to-day survival.23,24) These preventive 
community strategies have made it impossible for older persons to 
leave their homes, even to obtain basic necessities, without making 
other arrangements for food and social security. Furthermore, in 
most cases, as was the case for the participants in this study, com-
munity outreach programs were disrupted, adding to the structural 
alienation of older adults during the pandemic. The findings of this 
study, in which most of the older adult participants expressed fi-
nancial insecurity and a lack of income, were consistent with Li 
and Mutchler24) prediction that the financial resources of the older 
population would be severely impacted due to the COVID-19 cri-

sis. 
The second theme, embracing reality, described how, during the 

COVID-19 pandemic, older adults created a sense of internal resil-
iency by embracing reality to adapt or cope with the current crisis. 
Religion, spirituality, and belief systems have always played a vari-
ety of roles in the daily lives of older adults, including providing 
strength, hope, and comfort in challenging situations, such as the 
COVID-19 crisis.25) With age, these beliefs become even more im-
portant as they serve as a foundational source of strength for 
achieving positive health outcomes and fostering coping mecha-
nisms, particularly in times of adversity owing to various life cri-
ses.26) These aspects are critical and unique features of resilience in 
the older population as they are effective coping mechanisms that 
allow them to adjust to their evolving needs.27) The participants’ 
descriptions of how they have recognized the COVID-19 crisis as 
having been planned by God and that the only way for them to 
adapt or cope with it is to embrace its reality is consistent with the 
findings reported by Manning,26) wherein the participants stated 
that religion, spirituality, and belief systems helped them adapt and 
develop resiliency in challenging times, including the COVID-19 
crisis.27) 

The third theme, cultivating a strong spirituality, explains how, 
during the COVID-19 crisis, older adults usually cultivate a deep 
spirituality to respond to such situations, which is referred to as in-
ternal resiliency developed by such population groups to adapt or 
cope with these circumstances. Spirituality is a collection of values 
that adds vitality and value to people’s lives by guiding them to find 
meaning and intent of their lives, as well as providing hope, com-
passion, inner peace, comfort, and support.28) Accordingly, high 
spirituality levels during times of hardship owing to a crisis can 
lead to peace of mind and calmness, which can influence an indi-
vidual’s quality of life and resilience, particularly in older adults.29) 

Spirituality has the greatest impact on older adults’ everyday lives 
because it offers a structure that guides them through life struggles, 
allowing them to separate the positive from the negative.26) This 
result is reinforced by the findings of a Brazilian study, which con-
cluded that religiosity and spirituality among long-living older 
adults were important mechanisms of resilience that helped them 
cope with pathologies, depression, and other significant demands, 
such as pandemic crises, which reduce their individual well-being 
and quality of life.30) 

The fourth theme, finding things to enjoy, describes how, during 
the COVID-19 crisis, the older adult participants in this study 
were prompted to engage in enjoyable activities, referred to as in-
ternal resiliency, to better adapt and cope with their situations. The 
vulnerability to the COVID-19 crisis, which has resulted in social 
isolation, has greatly increased the likelihood of certain psychoso-

www.e-agmr.org

118 Jonaid M. Sadang et al.



cial health problems in this group.16) Religious and spiritual activi-
ties during times of crisis are important for assisting individuals, 
especially older persons, to adapt and cope with such situations.31) 
The results of this study are consistent with those of Lucchetti et 
al.27) who found that three out of four older adults recognized how 
religious and spiritual activities (e.g., prayers, reading holy books) 
have improved the ability of these individuals to cope with the cur-
rent crisis, especially in terms of their mental and social well-being. 
Moreover, the participants in this study engaged in recreational ac-
tivities such as gardening in their small backyards and watching 
television with their family members to distract themselves. These 
activities provided them time to do things they would not normal-
ly do and taught them to appreciate small things, which has helped 
ease their concerns and feelings of uncertainty, as well as adjust to 
their circumstances. This may also explain why the older adults in 
this study built a sense of internal control and adaptation in re-
sponse to the perceived threat of this crisis as physical activity in 
older age is closely linked to higher resilience and the absence or 
fewer psychosocial issues in times of crisis.32) The final theme, 
health consciousness, describes how older adults became more 
health-conscious during the COVID-19 crisis, particularly when 
danger was perceived, which motivated them to cope with the sit-
uation. This internal resiliency in response to the circumstances al-
lowed them to maintain their individual well-being, integrity, and 
quality of life. During the COVID-19 pandemic, public activities 
were suspended in many locations, including recreational facilities, 
senior daycare centers, and places of worship, to minimize the risk 
of virus transmission within the population.33) This proactive strat-
egy negatively affected the everyday lives of older people, making it 
difficult for them to adapt to new situations,33,34) as demonstrated 
by the study participants. The participants in our study strictly fol-
lowed preventive measures to minimize COVID-19 exposure, 
such as proper handwashing, social distancing, and wearing a mask 
and face shield. They used these behaviors as coping mechanisms 
to protect themselves, their family members, and others. As ex-
pressed by the participants, such practices helped them manage 
stress, limit their fears of infection, and keep busy during the pan-
demic, allowing them to adapt and live normally throughout the 
crisis. This finding is consistent with that reported by Finlay et al.15) 
who found that older adults often used and identified coping strat-
egies to be resilient amidst the COVID-19 crisis, including chang-
ing habits, following public health recommendations, and avoiding 
health-restricting behaviors (e.g., overeating), all of which encour-
aged them to have positive adjustments as individuals. Further-
more, Igarashi et al.34) reported increased self-awareness as a coping 
mechanism that was unique to older adults. 

Conclusion 
Resiliency is a common concept that is underestimated among 
older populations due to a variety of factors, including aging, sex-
ism, vulnerability, and discrimination. The results of this study 
provide valuable lessons on coping and resilience strategies among 
older adults during crises; these strategies included (1) everyday 
struggles, (2) embracing reality, (3) cultivating a strong spirituality, 
(4) finding things to enjoy, and (5) health consciousness to adapt 
or cope in their daily battles against difficult and demanding cir-
cumstances. The sources of internal resilience identified in this 
study may have practical implications for promoting the well-be-
ing, integrity, and quality of life of older people during the current 
pandemic and future societal crises. Moreover, health profession-
als, particularly nurses on the front lines, must recognize and un-
derstand the complex needs of older people and tailor their care to 
support their patients’ ability to adapt and cope well in these cir-
cumstances. By being aware of their coping strengths as a popula-
tion group, nurses may be able to identify older adults at risk of be-
ing unable to respond to a crisis. This knowledge is essential for 
bolstering coping strategies that foster internal control and adapta-
tion, also known as internal resiliency, while also considering the 
personal interests, autonomy, and capabilities of older adults 
during any crisis. In addition, policymakers, healthcare providers, 
communities, gerontology experts, and advocates should work to-
gether to help this marginalized group by developing and strength-
ening infrastructures and programs that assist them in connecting 
to critical resources and services when they are in need, such as in 
the case of a pandemic crisis, to easily adapt and cope with these 
situations. In summary, the older adult participants in this study 
established certain internal resiliency in response to the changes 
caused by the COVID-19 crisis, resulting in adaptation and coping 
with the situation, as proposed by the Need-Threat Internal Resil-
iency Theory. 

Limitations 
To date, no other studies have assessed older persons’ experiences, 
coping strategies, and resilience in the context of Filipino culture 
during the COVID-19 pandemic. Thus, this study contributes to 
the advancement of literature on the Filipino older population 
during this crisis. However, this study included only five partici-
pants and was undertaken in a specific setting (transitory shelters) 
with identified pre-criteria parameters; therefore, older adults in 
other areas or communities may have had different experiences 
and used different coping strategies during the COVID-19 crisis. 
Future research should apply both qualitative and quantitative ap-
proaches to investigate the presence of internal resilience within 
this population during a crisis (e.g., COVID-19) in a more repre-
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sentative sample.  

Implications for Practice  
• Resilience, as experienced by the older adult participants in this 

study, does not imply that a person will not face difficulty or dis-
tress during a crisis; indeed, the path to resilience will almost 
certainly include significant challenges in most aspects of their 
lives, including their physiological, sociocultural, psychological, 
developmental, and spiritual well-being. 

• Spiritual well-being is important for crisis adaptation and coping 
in older persons as it can lead to a better quality of life at such 
times. 

• In times of crisis (e.g., the COVID-19 pandemic), providers of 
direct care to older people, such as nurses, doctors, and other al-
lied healthcare professionals, must always consider the individu-
al’s overall well-being when providing care and assistance as it 
can promote resilience. 

• Understanding and recognizing the holistic requirements of old-
er people in times of crisis could help nurses and other health-
care providers to tailor their care to support the ability of their 
patients to adapt and cope with difficult circumstances. 

• The sources of internal resilience and coping strategies of older 
adult participants in this study could have practical implications 
in promoting the well-being, integrity, and quality of life of this 
population, particularly during pandemics and community cri-
ses. This further suggests that legislators, community members, 
healthcare professionals, and advocates involved in the care of 
the older population should devise and implement community 
initiatives that support older people’s positive coping methods 
to increase their individual resiliency. 
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INTRODUCTION

The United Nations estimated that the number of people aged 60 
and over will exceed 2 billion in 30 years. Therefore, evaluating 
self-care in this older population is of particular importance.1) The 
aging process includes a decrease in the functional level as well as 
physiological deficiencies. In the process of aging, some restric-
tions occur in daily living activities.2,3) Self-care ability is an essen-
tial determinant of the maintenance of daily life activities in older 
adults.4) Self-care is defined as personal care initiated by individuals 
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on their behalf to maintain their health and well-being, while self-
care ability is defined as the ability to perform self-care or self-man-
agement activities.5) Self-care in older adults encompasses both 
self-care ability and process. Self-care ability includes self-care ac-
tivities to identify individual needs, evaluate internal and external 
resources, and provide functional independence.6) Self-care ability 
is performed under certain environmental conditions and using 
various devices for a specific purpose. Personal care activities (e.g., 
nutrition, dressing, and body cleaning), home cleaning, transpor-
tation, and shopping are generally performed by a device.4) Person-
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al care activities can be affected by many conditions, such as health, 
good habits, self-esteem, and self-care ability.7) However, advanced 
age negatively affects self-care,8) while the ability to perform daily 
life activities and level of education positively affect self-care.9,10) A 
person’s self-care ability may differ in different developmental stag-
es and in acute or chronic health conditions.7) Self-care ability is an 
essential source of health in older adults, especially those living in 
their own homes,6) and also enables older people with self-care 
ability to manage their existing diseases and develop their behav-
iors.11) Increasing self-care ability may support disease prevention 
and healing and improving individuals’ quality of life.12,13) 

Health professionals should be encouraged to improve the self-
care ability of older adults, which requires evaluation of this ability 
of older adults at individual and social risk and the development of 
treatment plans.14,15) Various tools for assessing self-care have been 
described in the literature. Tools used for older adults16) include 
the Self-care of Home-Dwelling Elderly Instrument, Lorensen’s 
Self-Care Capability Scale, and the Self-care Ability Scale for the 
Elderly (SASE).17-19) The Self-care of Home-Dwelling Elderly In-
strument and Lorensen’s Self-Care Capability Scale contain 82 and 
56 questions, respectively, which impose a burden to complete.17,18) 
In contrast, the SASE has relatively fewer questions and is widely 
used for clinical evaluation.20)

The SASE was created in Sweden according to the Self-Care 
Deficit Theory and later modified according to Pörn’s theory of 
environment and purpose.4,14) The SASE originally contained 53 
items, which was reduced to 17. The Cronbach’s alpha coefficients 
ranged from 0.44 to 0.88 for the five factors of the SASE and be-
tween 0.70 and 0.80 for three factors.20) In their systematic review, 
Matarese et al.16) found strong evidence of SASE content validity 
and moderate evidence of construct validity and hypothesis test-
ing. However, they cited contradictory evidence regarding the in-
ternal consistency of the SASE. The items in the SASE measure 
the ability of older individuals to perform daily life activities, their 
health and life satisfaction experiences, and their purpose in per-
forming some daily life activities.20) The validity and reliability of 
the Swedish version of the SASE have been reported.4,20) The 
SASE was later translated into Chinese,21) Norwegian,22) Italian,23) 
and Iranian24) languages, and its psychometric properties were ex-
amined. However, to our knowledge, the validity and reliability of 
a Turkish version have not been established. The psychometric 
study of the Turkish version of SASE can be used in clinical studies 
to evaluate the self-care skills of Turkish-speaking healthy older in-
dividuals. In addition, it would be a preferable scale for evaluating 
geriatric rehabilitation programs in clinical training provided to 
older adults. 

This study aimed to translate the SASE into Turkish, adapt it 

culturally, and test its reliability and validity in healthy older indi-
viduals.

MATERIALS AND METHODS

Translation and Adaptation Process
To examine the psychometric properties of the SASE, permission 
to use the scale was obtained from Ulrika Söderhamn who devel-
oped it.20) The scale’s cultural adaptation was carried out according 
to internationally accepted translation procedures.25) In the first 
stage, the advanced translation stage, the original Swedish version 
of the SASE was translated into Turkish independently by two 
professional bilingual translators whose native language was Turk-
ish and who were also proficient in Swedish. Expert committee 
members (two academician physiotherapists) identified and re-
corded problems related to culture and linguistics. In the second 
stage, the same expert committee discussed the correction notes 
for these translations. At this stage, the third item was modified. 
The committee added the term “dentures, if any” to the end of the 
sentence with parenthesis. Additionally, the word “house-keeping” 
mentioned in the 4th and 13th items is used more frequently in 
European countries, while “house cleaning” is more commonly 
used in Turkish. Therefore, we used the term “ev temizliği” (“house 
cleaning”) instead of “house-keeping.” In the third stage, the SASE 
was translated into Swedish independently by two translators 
whose mother tongue was Swedish. The original Swedish SASE 
was compared to the back-translated version. In the fourth stage, 
conceptual and linguistic issues were discussed. In the fifth stage, a 
draft version was produced for use in pilot testing. In the last stage, 
a pilot study was conducted to determine whether the Turkish ver-
sion of the SASE provided suitable understandability. A pre-test 
was conducted on a 5-point Likert-type scale with 30 older adults 
speaking Turkish. The understandability was excellent in this pilot 
study. Therefore, no additional changes were made. Finally, the 
Turkish version of SASE (T-SASE) was created.

Ethical Statement
The permission for the translation for the Turkish version of the 
Self-care Ability Scale was acquired from the developer of the orig-
inal questionnaire. The study was carried out in accordance with 
the ethical principles and the Helsinki Declaration. Informed con-
sent of the patients was obtained. The study protocol was ap-
proved by the ethics committee of Ege University (No. 21-3T/22).

Sample Size Estimation
Terwee et al.26) recommended at least 100 patients for the assess-
ment of the internal consistency of health-related patient-reported 
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outcome measures (PROMs). In addition, the required sample 
size to analyze the T-SASE reproducibility was calculated using the 
G*Power 3.1 software with an effect size of 0.50, a probability of 
error of 0.05, and a power of 0.80.27) The effect size for test-retest 
reliability analysis (i.e., reproducibility) was determined using Co-
hen’s d coefficient (0.50), which indicates a medium-sized stan-
dardized difference between test and retest.28) In conclusion, at 
least 21 patients were required for the reliability analysis. Thus, 30 
patients repeated the T-SASE 1 week after the initial assessment.

Study Design
This prospective cross-sectional study conducted by the Depart-
ment of Geriatrics at Ege University included healthy older indi-
viduals. The following older individuals were included in this 
study: (1) older individuals aged 65 years and older and (2) those 
who could read, understand, and speak Turkish. Older individuals 
(1) with acute or chronic diseases that could affect their self-care, 
(2) those who were bedridden, or (3) those who did not agree to 
participate in the study were excluded. 

The sociodemographic and physical characteristics of the older 
individuals participating in the study were collected. The Turkish 
versions of the Nottingham Extended Activities of Daily Living 
Scale (NEADLS)29) and the Exercise of Self-Care Agency Scale 
(ESCAS)30) were performed as a parallel form to assess SASE’s 
structural validity. In the first evaluation, 122 older individuals an-
swered all the items of the T-SASE, NEADLS, and ESCAS in the 
given order. The retest evaluation of the T-SASE was conducted 1 
week later with 30 older individuals.

SASE
The SASE is a self-report tool developed by Söderhamn to mea-
sure self-care ability in older individuals. The SASE consists of 17 
items related to daily life activities, well-being, mastery, willpower, 
determination, loneliness, and dressing. Each item’s score ranges 
from 1 to 5 (1 “completely disagree” to 5 “completely agree”). 
Three points were considered neutral scores. Items containing 
negative statements are summed by reversing the score. The total 
score ranged from 17 to 85, with higher scores indicating increased 
self-care ability.4)

NEADLS
The NEADLS was developed to evaluate daily living activities in 
rehabilitation centers in England.31) The NEADLS consists of four 
subsections containing questions about mobility (six items), kitch-
en (five items), housework (five items), and leisure activities (six 
items). The answers to all questions are evaluated as follows: 0 
points, never done; 1 point, can be done with help; 2 points, can 

be done by force; and 3 points, can be done quickly without assis-
tance. A final score ranging from 0 to 66 points was obtained by 
summing the scores from each subsection. This scale can also be 
conducted through clinician interview or by mail.29)

ESCAS
The scale, consisting of 35 items, was intended to determine indi-
viduals’ self-care abilities. The scale is evaluated using a 5-point 
Likert scale (0 = does not describe me at all, 1 = does not describe 
me much, 2 = I have no idea, 3 = describes me a little, 4 = describes 
me very well). Items #3, #6, #9, #13, #19, #22, #26, and #31 on the 
scale have negative meanings and are evaluated as negative. The 
highest possible score on the ESCAS is 172.30)

Statistical Analysis
All data collected from the research were analyzed using IBM SPSS 
for Windows version 25.0 (IBM Corp., Armonk, NY, USA). 
Means and standard deviations were calculated for quantitative 
data and percentages for qualitative data. Shapiro-Wilk tests were 
used to test the data for a homogeneous distribution. The mini-
mum and maximum T-SASE scores were also analyzed for possi-
ble floor or ceiling effects. In addition, 95% confidence intervals 
(CIs) were used to calculate the correlation coefficients. Internal 
consistency was analyzed by calculating the Cronbach’s alpha of 
the total score and all items of the T-SASE, with alpha values above 
0.6 and 0.8 representing good and excellent internal consistency, 
respectively.32) For test-retest reliability, the intraclass correlation 
coefficient (ICC) was calculated for the total T-SASE score, with 
an ICC value over 0.8 indicating perfect reproducibility.33) The 
construct validity of the T-SASE was analyzed by correlation with 
the NEADLS and ESCAS based on Pearson correlation coeffi-
cient (r). The coefficient was considered high for values above 0.5, 
moderate for values between 0.5 and 0.35, and low for values be-
low 0.35.34)

RESULTS

The mean age of the older adults was 68.6 ± 5.7 years. This study 
included a total of 84 women (68.9%) and 38 men (31.1%). A 
larger number of the participants had a bachelor’s or higher degree. 
More than half of the participants were married and lived with 
their families (59% and 64.8%, respectively). Most of the older 
adults were able to walk independently without an assistive device 
(95.9%). Similarly, most participants did not have a fall history 
(75.4%). The participant characteristics are presented in Table 1. 
The absolute values of the PROM measurements of older adults 
are presented in Table 2.
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The test-retest reliability of the T-SASE was excellent (ICC 
=0.914; 95% CI, 0.81–0.95). In addition, the internal consistency of 
the total T-SASE score was excellent (Cronbach’s α =0.912). The 
Cronbach’s alpha scores for the individual items were also excel-
lent, ranging from 0.901 to 0.915 and the items were highly consis-
tent with each other (Cronbach’s α > 0.80) (Table 3). The con-
struct validity of the T-SASE was acceptable (0.35 < r < 0.50) in a 
convergent manner. The T-SASE was strongly correlated with the 
NEADLS and ESCAS (r1 = 0.405, r2 = 0.437, p < 0.01) (Table 4). 

DISCUSSION

The present study aimed to develop and cross-culturally adapt a 
Turkish version of the SASE. We also aimed to demonstrate the 
reliability and validity of the T-SASE. Considering the importance 
of standardized and adapted PROMs in geriatric occupational 
therapy, the T-SASE is an essential tool for evaluating the self-care 
ability in older adults in performing activities of daily living and to 
identify individual care issues.14,20) Our results showed that the 
T-SASE was a reliable and valid scale for use in community-dwell-
ing older adults. The internal consistency and test-retest reliability 
of the T-SASE were high, and the validity was acceptable in the 
construct validity analysis in terms of convergent substance. 

Table 1. Patients’ characteristics (n=122)

Value
Age (y) 68.6 ± 5.7
BMI (kg/m2) 26.7 ± 4.0
Sex
 Female 84 (68.9)
 Male 38 (31.1)
Education
 Primary school 29 (23.8)
 Middle school 7 (5.7)
 High school 13 (10.7)
 University or higher degree 73 (59.8)
Marital status
 Married 72 (59.0)
 Single 50 (41.0)
Residence
 Family 79 (64.8)
 Alone 37 (30.3)
 Other 6 (4.9)
Chronic diseases
 Yes 69 (56.6)
 No 53 (43.4)

Values are presented as mean±standard deviation or number (%).
BMI, body mass index.

Table 2. Absolute values of the patient-reported outcome measures 
(n=122)

Value
T-SASE 71.43 ± 8.49 (29–80)
NEADLS 61.06 ± 6.45 (32–66)
ESCAS 122.09 ± 14.22 (69–140)

Values are presented as mean±standard deviation (range).
T-SASE, Turkish version of the Self-care Ability Scale; NEADLS, Notting-
ham Extended Activities of Daily Living Scale; ESCAS, Exercise of Self-Care 
Agency Scale.

Table 3. Test-retest reliability and internal consistency of the T-SASE 
(n=30)

Item# Test Retest Cronbach’s α
1 4.33 ± 1.04 4.16 ± 1.11 0.907
2 4.71 ± 0.70 4.83 ± 0.37 0.901
3 4.75 ± 0.69 4.80 ± 0.40 0.903
4 4.63 ± 0.81 4.36 ± 0.80 0.903
5 4.71 ± 0.68 4.66 ± 0.47 0.901
6 4.31 ± 0.61 3.40 ± 1.21 0.913
7 4.20 ± 0.97 4.06 ± 0.78 0.910
8 4.45 ± 0.83 4.40 ± 0.49 0.905
9 4.36 ± 0.86 4.26 ± 0.58 0.903
10 4.24 ± 0.91 4.36 ± 0.71 0.905
11 4.54 ± 0.80 4.26 ± 0.94 0.903
12 4.22 ± 1.12 4.36 ± 0.71 0.913
13 4.39 ± 0.96 4.23 ± 1.04 0.904
14 4.20 ± 0.60 3.20 ± 1.06 0.915
15 4.39 ± 0.74 4.36 ± 0.66 0.905
16 4.40 ± 0.63 4.16 ± 0.74 0.911
17 4.74 ± 0.76 4.83 ± 0.37 0.906
T-SASE 71.43 ± 8.49 72.53 ± 5.07 0.912

Values are presented as mean±standard deviation.
T-SASE, Turkish version of the Self-care Ability Scale.

Table 4. Correlations between the NEADLS and ESCAS with 
T-SASE (n=122)

r p-value
T-SASE – NEADLS 0.405 < 0.01
T-SASE – ESCAS 0.437 < 0.01

r, Pearson correlation coefficient; T-SASE, Turkish version of the Self-care 
Ability Scale; NEADLS, Nottingham Extended Activities of Daily Living 
Scale; ESCAS, Exercise of Self-Care Agency Scale.

In terms of self-care, the independence of older adults is essential 
and is primarily related to their quality and adeptness of life. Devel-
oped by considering Pörn’s health and adaptation theory, the SASE 
is widely used to measure the self-care capacity of older adults in a 
standardized, practical, and accurate manner.4,14,20) However, it may 
not be sufficient to express only functional ability in evaluating 
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self-care ability, and independence in daily living activities is ade-
quate. This assessment must include both cognitive and emotional 
components. Unlike the current tools to assess activities of daily 
living and self-care, the T-SASE provides a more specific self-care 
assessment, including these parameters, especially in older adults, 
who often have cognitive and depressive problems.20)

The original Swedish version of the SASE has been translated to 
Chinese, Italian, Norwegian, and Persian.20-24) The culturally adapt-
ed versions are reliable, valid, and frequently used tools to assess 
self-care ability in older adults. Our study translated and adapted 
the SASE into Turkish according to internationally accepted 
guidelines.25) During this process, only one modification was car-
ried out for item #3, which assesses oral hygiene, in which the term 
“varsa diş protezi” is given in parentheses. We put the word “den-
tures, if any” before this expression in Turkish to preserve the 
grammatical structure of the questionnaire. 

The reliability of the T-SASE was assessed by analyzing its inter-
nal consistency and test-retest reliability. The internal consistencies 
of the total score and the items of T-SASE were excellent ( > 0.80). 
The SASE comprises items related to the functional, cognitive, and 
emotional components of self-care ability. This versatile tool’s ca-
pacity to evaluate self-care activities holistically and consistently is 
essential for its reliability.4) Thus, we analyzed the internal consis-
tency of the total score and the items’ independent alpha scores 
and found that the T-SASE evaluated older individuals consistent-
ly. The items of the scale were also consistent with each other to 
assess self-care in a three-dimensional manner. The original Swed-
ish version showed Cronbach’s alpha values of 0.68 and 0.88 in 
older patients and community-dwelling older adults, respective-
ly.20) The Cronbach’s alpha value for the Italian version ranged 
from 0.72 to 0.90,23) while the values for the Chinese, Norwegian, 
and Persian versions were 0.89, 0.85, and 0.73, respectively.21,22,24) 
The results demonstrated the acceptable to high consistency of the 
SASE in all cultures, including Turkey. Thus, this tool provides cli-
nicians and researchers consistent assessment of the self-care abili-
ty of patients and older individuals. 

The generally accepted retest time intervals reported in the liter-
ature range between 2 days and 2 weeks.26) The test-retest reliabili-
ty of the T-SASE total score was excellent ( > 0.80); in other 
words, the T-SASE showed acceptable reproducibility. The 
T-SASE showed accurate results for measurements performed at 
different times. T-SASE provided the participants’ actual score 
without bias and evaluation error.33) The Chinese and the Italian 
versions showed ICC values of 0.99 and 0.92, respectively,21) while 
those of the Persian version ranged from 0.85 to 0.97.24) The origi-
nal development study did not calculate ICC values.20) These find-
ings demonstrate the reliability of the SASE in terms of reproduc-

ibility. The results of the Turkish version are similar to those of the 
other versions. 

Construct validity is another essential component for revealing 
PROM psychometrics. Factor analysis or convergent-divergent va-
lidity by comparing to other standard tools are used for scale vali-
dation.34) The present study focused on convergent validity, con-
sidering the structure of the SASE. Because similar tools that eval-
uate daily living activities focus only on functionality, we compared 
the SASE to the NEADLS. The primary goal was to evaluate the 
appropriateness of the self-care activities by multidimensional 
evaluation by comparing the T-SASE to a one-dimensional tool 
(NEADLS).29) In addition, we examined the ability of the ques-
tioning self-care agency of SASE by comparing its concordance to 
a gold standard questionnaire (ESCAS).30) The NEADLS does 
not comprehensively examine the health and life satisfaction of 
older individuals in terms of self-care.29) The ESCAS, on the other 
hand, has a long structure, containing 35 items.30) Therefore, the 
T-SASE may provide advantages over both questionnaires. Our 
validity results showed that the T-SASE was strongly correlated 
with the NEADLS and ESCAS (r1 = 0.405, r2 = 0.437, p < 0.01). 
Based on the commonly applied reference cut-off values for con-
struct validity (0.35 < r < 0.50), the T-SASE showed acceptable va-
lidity.34) None of the version studies and the original validation 
study reported the convergent validity with comparisons to other 
questionnaires. The Italian version compared the SASE to the Katz 
Index of Independence in Activities of Daily Living and the Law-
ton Instrumental Activities of Daily Living, in which the correla-
tion coefficients ranged from 0.11 to 0.63.23) Instead of the Katz 
and Lawton questionnaires, we compared the T-SASE to the 
NEADLS, the items of which were more consistent with those of 
the SASE. Both the Italian and Turkish versions of the SASE also 
showed acceptable validity. 

This study had several limitations, which could inform the de-
sign of future SASE validation studies. First, confirmatory and ex-
planatory factor analysis could be used to comprehensibly express 
the construct structure in assessing the SASE validity. However, as 
other versions adequately provided these analyses,21,24) we focused 
more on convergent validity. Second, while this study recruited 
community-dwelling older adults, additional studies are needed to 
evaluate clinical populations and hospitalized older patients to 
demonstrate the psychometrics of SASE in detail. Third, the pres-
ent and other versions have not evaluated the responsiveness of the 
SASE. Determining the relationships between clinical and other 
endpoints, as well as variations in SASE scores over time, will be 
essential. Finally, retest evaluations should be conducted at least 2 
weeks later to avoid potential practice effects. 

In conclusion, the results of this study showed that the T-SASE 
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was a valid and reliable tool for assessing the self-care ability of 
community-dwelling older adults. Owing to its multidimensional 
structure (functionality, cognitive, and emotional), the SASE is an 
essential tool for geriatric rehabilitation specialists to evaluate daily 
living activities and daily self-care issues in older adults.
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INTRODUCTION 

The differential diagnosis of patients presenting with shock is 
broad and includes sepsis, hypovolemia, anaphylaxis, neurogenic 
compromise, impaired cardiac output from a low ejection fraction, 
and tamponade, among other causes. Although hypertrophic car-
diomyopathy (HCM) is common in the general population, it is 
an uncommon cause of or contributor to shock. It is also usually 
diagnosed in younger individuals. The condition is increasingly di-
agnosed in older patients because of an increased index of suspi-
cion and use of imaging. However, diagnosing an octogenarian 
with HCM is uncommon and may be a complex endeavor. We re-
port a case of an initial diagnosis of HCM in a patient who present-
ed with shock and review pertinent diagnostic, prognostic, and 
management considerations. 

CASE REPORT 

An 84-year-old woman was brought to the emergency department 
(ED) after being found at home (where she lived independently) 
by her son with whom she had not had any contact for 4 days. In 
the ED, she was found to have a heart rate of 103 bpm, blood pres-
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sure (BP) of 83/53 mmHg, and oxygen saturation of 96% on am-
bient air. She had very dry mucous membranes, and a 4/6 systolic 
murmur was best heard at the base and in her bilateral carotid ar-
teries. Laboratory examinations showed a sodium level of 165 
mEq/L, a creatinine level of 5.4 mg/dL, an international normal-
ized ratio (INR) of 3.2, an elevated white blood cell count, and uri-
nalysis findings consistent with an infection (culture grew pan-sen-
sitive Escherichia coli). Computed tomography of the head revealed 
no remarkable findings. Her son reported that she had no medical 
or surgical history, was not taking medication, and had not seen a 
healthcare provider in years. He denied her having any “bad hab-
its” or a family history of medical problems. Written informed con-
sent was obtained from the patient for publication of this case re-
port and accompanying images.

The patient received 2 L of lactated Ringer’s solution, and antibi-
otic therapy was initiated. Her BP increased to 107/64 mmHg; her 
mental status also improved (able to answer yes/no questions), 
and she was able to follow basic instructions. Because of the mur-
mur observed and the findings on electrocardiography, she under-
went echocardiography (Fig. 1). The results of electrocardiogra-
phy and echocardiography were consistent with a finding of HCM. 
Specifically, the electrocardiogram (ECG) showed a high voltage 

Copyright © 2021 by The Korean Geriatrics Society
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



and repolarization abnormalities consistent with left ventricular 
hypertrophy. The echocardiogram showed severe asymmetric sep-
tal predominant hypertrophy (septal wall thickness, 1.9 cm; poste-
rior wall thickness, 0.97 cm), systolic anterior motion of the mitral 
valve with outflow tract obstruction, severe peak and mean left 
ventricular outflow tract gradients (248 and 130 mmHg, respec-
tively), and moderate mitral regurgitation. 

DISCUSSION 

HCM is a common genetic condition affecting at least one in 500 

persons.1) Although the condition affects people of all ages, most 
patients are diagnosed early in life (mean age, 44 years). HCM is 
increasingly diagnosed in older adults, likely because of an increas-
ing index of suspicion as well the growing use of imaging, which 
may uncover the phenotype in patients being evaluated for cardiac 
and non-cardiac conditions (e.g., during echocardiography, chest 
computed tomography, or magnetic resonance imaging [MRI]). 
When diagnosed in older adults, the condition may be late-onset 
or, because of a lack of symptoms, late to have been recognized. 

When an older adult presents with symptoms that may be at-
tributable to HCM, the differential diagnosis is extensive. Dyspnea 

B

D

C

E

A

Fig. 1. (A) Electrocardiogram obtained at admission showing a sinus rhythm with premature atrial complexes, as well as voltages and repolar-
ization abnormalities consistent with left ventricular hypertrophy. The remaining panels show findings consistent with hypertrophic obstructive 
cardiomyopathy, including (B) predominant septal hypertrophy, (C) systolic anterior motion of the mitral valve, (D) a very high left ventricular 
outflow tract gradient, and (E) moderate mitral regurgitation. Other findings included a normal-sized left ventricle with hyperdynamic function 
(ejection fraction >70%).
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on exertion, chest pain, and syncope can have many etiologies or 
be multifactorial owing to age-related problems, including volume 
depletion, deconditioning, or comorbidities such as lung condi-
tions (e.g., chronic obstructive pulmonary disease), coronary ar-
tery disease, valve disease, arrhythmias, or heart failure. Physical 
examination may be challenging, as the murmur due to HCM may 
be confused with or masked by that due to aortic sclerosis or ste-
nosis. These other etiologies may be pursued before cardiac imag-
ing (usually echocardiography). Once imaging raises the possibili-
ty of a differential diagnosis of HCM, the diagnosis may remain 
uncertain as other conditions can have similar morphologic ap-
pearances. 

Other entities that may be considered include age-related struc-
tural changes (discussed below), hypertensive cardiomyopathy, 
and amyloid or other infiltrative cardiomyopathies (e.g., hemo-
chromatosis). A detailed approach to the diagnosis of these is be-
yond the scope of this report; however, more global hypertrophy 
and a history of un/under-treated hypertension and other end-or-
gan damage suggest hypertensive cardiomyopathy and hypertro-
phy on echocardiography but a low voltage on ECG, whereas other 
specific findings on imaging or comorbid conditions may point to-
ward amyloid or other infiltrative cardiomyopathy. 

A sigmoid-shaped septum (also called discrete upper septal 
thickening or upper septal knuckle) is found in older adults (par-
ticularly those with hypertension) and may result from normal ag-
ing. The prevalence is up to 10%, and an increased angle of the 
aorta to the long axis of the left ventricle (LV) is also common. In 
the Framingham Heart Study, 1.5% of 3,562 participants had a sig-
moid-shaped septum (17.8% of those > 85 years). The positive 
correlates were increasing age, hypertension, decreased LV frac-
tion, and mitral annular calcification, whereas the inverse correlates 
were the LV diastolic dimension. After adjusting for cardiovascular 
risk factors, over 15 years, the condition was not found to be asso-
ciated with cardiovascular events or mortality.2) 

Differentiating normal aging from genetic HCM is challenging. 
Patients with late-onset HCM tend to have less impressive septal 
hypertrophy and an ovoid or ellipsoid (not crescentic) LV.3) Other 
differences include narrower left ventricular outflow tracts (LV-
OTs), anterior displacement of the mitral valve, and a larger area of 
septum-anterior leaflet contact.4) Chen-Tourneaux et al.5) suggest-
ed that specific echo-Doppler findings distinguish the sigmoid 
septum from HCM with a sensitivity of 78% and a specificity of 
90%; moreover, cardiac MRI is also increasingly used for evalua-
tion. 

Of the 3% of patients in the Framingham Heart Study (n = 1,862; 
mean age, 60 years) with unexplained LV hypertrophy, only 18% 
had sarcomeric contractile protein mutations.6) Another analysis 

reported that the sites of mutation found in late-onset patients 
(myosin binding protein-C, troponin I, alpha cardiac myosin heavy 
chain) differed from those found in younger patients (beta-myosin 
heavy chain, troponin T, alpha tropomyosin).7) 

The clinical course of patients diagnosed with HCM at an ad-
vanced age is generally better than that of those diagnosed at a 
younger age.8,9) In a study of 428 patients aged ≥ 60 years followed 
up for nearly 5 years, the rates of HCM-related morbidity and 
mortality (including sudden death) were low. Other studies have 
also shown lower rates of traditional HCM-related risk factors for 
sudden cardiac death (SCD)10,11) but concomitantly higher rates of 
atherosclerotic cardiovascular risk factors in older cohorts.12) Of 
the 428 patients included in that study, only 16 had HCM-related 
mortality (0.64% per year).13) Death from progressive heart failure 
occurred in only two patients, embolic stroke in six patients, and 
SCD in five (1.2% of the population; 0.20% per year). Other re-
ports also reveal that the HCM-related rates of heart failure, em-
bolic stroke, or SCD in patients > 60 years of age are lower than 
those reported at younger ages, with annual mortality rates less 
than those in age-and sex-matched controls.13,14) Notably, the pres-
ence of atherosclerotic risk factors, atherosclerosis itself, and other 
comorbidities in this population contributed to the finding that 
older HCM patients most frequently die of non-HCM related 
causes.13) 

Standard treatment may be considered for older adults diag-
nosed with HCM, including medical therapy (e.g., beta-blockers, 
calcium channel blockers, and disopyramide). Medically refracto-
ry patients, even those of advanced age, may be evaluated for alco-
hol septal ablation or surgical septal myectomy.12) Family/genetic 
counseling and testing should be considered, as well as evaluation 
for primary or secondary prevention ICD (implantable cardiovert-
er-defibrillator) placement and a rhythm control strategy for pa-
tients with atrial fibrillation that can affect up to one-third of older 
HCM patients (antiarrhythmic medications and/or ablation) may 
be contemplated, although older adults may be at an increased risk 
for  complications.12,15) Regarding the management of patients 
with hypertrophic cardiomyopathy and shock, other etiologies of 
shock should be evaluated and treated, including infection (sepsis), 
anemia, and volume depletion. Echocardiography is the fastest 
route to the diagnosis of HCM and can be useful for evaluating 
and managing other etiologies of shock; thus, this should be con-
sidered early after presentation. Lastly, to avoid worsening LVOT 
obstruction, both volume depletion and inotropes should be 
avoided. If vasopressors are required (they were not in the present 
case), choosing one that is not also an inotrope is advisable. 

In conclusion, after correction of the free water deficit and the 
administration of antibiotics, the patient’s laboratory abnormalities 
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resolved and her mental status returned to baseline. Her shock was 
likely multifactorial, owing to a combination of dehydration and 
urinary tract infection, resulting in volume depletion and increased 
myocardial demand, both of which worsened the LVOT obstruc-
tion, further impairing her cardiac output. After stabilization, the 
patient was started on a low-dose beta-blocker in addition to anti-
biotics. She and her son declined further evaluation of her HCM 
(including cardiac MRI, genetic evaluation, and outpatient rhythm 
monitoring for ventricular arrhythmias/risk stratification for sud-
den death), and she was discharged to a rehabilitation facility with 
plans for outpatient follow-up. 
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INTRODUCTION 

Creutzfeldt-Jakob disease (CJD) is a fatal neurodegenerative hu-
man prion disease. Based on its cause, CJD can be classified as 
sporadic, iatrogenic, familial, or variable. Most CJD cases (85%) 
are sporadic, while 10%–15% of cases are familial, and a minority 
are iatrogenic. The onset of sporadic CJD (sCJD) usually occurs in 
the seventh decade of life, with a median time to death of 5 months 
and with 80% of patients dying within 1 year.1,2) sCJD is currently 
incurable. However, an accurate diagnosis in the early stage is cru-
cial to predict the patient’s prognosis and rule out the diagnosis of 
other treatable diseases. Here, we report a patient who was misdi-
agnosed with recurrent stroke based on brain diffusion-weighted 
magnetic resonance imaging (DWI) findings, which corresponded 
to hemiplegia, and who had an unusual clinical course that showed 
stepwise deterioration. 
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While sporadic Creutzfeldt-Jakob disease (sCJD) typically presents with neurological symptoms 
such as cognitive impairment, ataxia, and myoclonus, its clinical manifestations can be diverse. 
We report a 70-year-old woman with sCJD who was misdiagnosed with recurrent stroke. She 
initially showed hemiplegia and high-intensity signals on brain diffusion-weighted magnetic res-
onance imaging (DWI), which corresponded to the symptoms of a stroke. She was diagnosed 
with recurrent stroke as her muscle weakness showed stepwise deterioration, with the appear-
ance of additional high-intensity signals on brain DWI. Several days later, she developed Broca’s 
aphasia, cognitive impairment, and myoclonus in the right upper and left lower extremities. Brain 
DWI showed high-intensity signals in the cortex, caudate nucleus, and putamen. Therefore, sCJD 
was suspected; she subsequently underwent further evaluation and was diagnosed with sCJD. 
The findings of this case indicate that sCJD can have a clinical course similar to that of recurrent 
stroke. 
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CASE REPORT 

A 70-year-old woman with right hemiplegia visited the hospital on 
the day of onset. She had not experienced any neurological abnor-
malities before this presentation and had no medical or family his-
tory of brain disease. She was a non-smoker, her blood sugar level 
was normal, and her serum lipid levels were high (total cholesterol, 
273 mg/dL; low-density lipoprotein, 184 mg/dL). She was alert, 
and her cognitive status was good. Her Korean version of the 
Mini-Mental State Examination score was high (K-MMSE = 27), 
with only three points less than a full score in the attention and cal-
culation category. Her right upper and lower extremity muscle 
strength measured using the Medical Research Council (MRC) 
scale was 4/4. No abnormalities were identified on laboratory 
studies, including those of complete blood count, serum electro-
lytes, liver function, and renal function on the day of admission. 
Brain DWI showed hyperintense signals in the left frontal and 
temporal lobe areas (Fig. 1A). Based on hemiplegic symptoms and 
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corresponding brain imaging results, the patient was diagnosed 
with cerebral infarction and treatment with aspirin, clopidogrel, 
and atorvastatin was initiated. Until the 12th day of hospitalization, 
the patient’s symptoms did not worsen or disappear, although her 
muscle strength remained weakened. 

On the 12th day of hospitalization, the patient’s level of con-
sciousness temporarily changed to drowsy and her right upper and 
lower extremity muscle strength measured using the MRC scale 
deteriorated by 1/2. Brain DWI revealed additional hyperintense 
signals in the left frontal and temporal lobes and both basal ganglia 
areas, which led to a diagnosis of recurrent cerebral infarction and 
continued treatment for stroke (Fig. 1B). 

On the 18th day of hospitalization, the patient developed Broca’s 
aphasia. Her cognition deteriorated, and myoclonus appeared in 
her right upper and left lower extremities. Her scores for memory 
recall, calculation, and orientation in K-MMSE dropped, with her 
overall score also lower than the previous results scores (K-MMSE 
score = 20). Repeated brain DWI confirmed that the hyperintense 
signals extended to both the cortex and caudate nucleus and 
putamen (Fig. 1C). In addition to rapidly progressive cognitive 
impairment, myoclonus, and pyramidal symptoms, she had hyper-
intense signals in both the caudate nucleus and putamen on brain 
DWI. Therefore, she was strongly suspected of having CJD and 
was transferred to another university hospital for accurate diagnos-
tic assessment. 

Western blot analysis detected 14-3-3 proteins in her cerebrospi-
nal fluid; real-time quaking-induced conversion assays also detect-
ed the scrapie isoform of the prion protein in the cerebrospinal flu-
id. The possibility of familial CJD was ruled out as no genetic mu-
tations associated with CJD were found in the prion genetic test 

and she had no family history of CJD. The possibility of iatrogenic 
CJD was also excluded because she had no medical history of neu-
rosurgical treatment, surgery, or other body tissue transplant at risk 
of transmission of prion proteins. Thus, the patient was diagnosed 
with sCJD. The informed consent was waived.

DISCUSSION 

The most common early symptom of sCJD is cognitive impair-
ment, and other symptoms such as cerebellar, constitutional, be-
havioral, sensory, motor, and visual symptoms may also appear.3,4) 
The symptoms of sCJD can vary and appear in unusual patterns; 
thus, this condition may be easily mistaken for other central ner-
vous system disorders.5) Therefore, the best approach in suspected 
cases of sCJD is to consider patient care with a critical appraisal of 
the information known about the disease. The diagnostic criteria 
for sCJD are outlined in Table 1.6) 

While the clinical features of sCJD can be diverse, acute onset 
and stepwise deterioration of the pyramidal symptoms resembling 
the clinical course of a recurrent stroke are rare. However, cerebro-
vascular diseases usually worsen in a stepwise pattern; thus, it is 
rare to see a gradual deterioration of symptoms over several hours 
or days.7) A previous study reported a case in Korea in which hemi-
plegia occurred as an initial symptom, with corresponding brain 
magnetic resonance imaging (MRI) results, after which the patient 
was diagnosed with sCJD. The case exhibited progressive deterio-
ration of symptoms; the typical symptoms of sCJD such as rigidi-
ty, bradykinesia, and tremor appeared 8 days later, which enabled 
the early suspicion of sCJD.7) Another case was reported in which 
atypical white matter lesions were observed on brain MRI, but the 

B CA

Fig. 1. Axial brain diffusion-weighted images. (A) Initial axial brain diffusion-weighted magnetic resonance imaging (DWI) showing high-inten-
sity signals (arrow) in the left frontal and temporal lobes (0 days from symptom onset). (B) Axial brain DWI showing additional high-intensity 
signals (arrow) in the left frontal and temporal lobes and the caudate nucleus and putamen (12 days from symptom onset). (C) Axial brain DWI 
showing extension of the high-intensity signals (arrows) to both the cortex and caudate nucleus and the putamen (18 days from symptom onset).
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initial symptoms were typical of sCJD.8) Another case in Germany 
described a patient with hemiplegia and corresponding brain MRI 
findings. This case showed symptoms of cognitive decline before 
hemiplegia onset, followed by rapid cognitive deterioration. The 
patient further showed deterioration of symptoms such as dyston-
ic-hyperkinetic movement and myoclonus, which are symptoms 
of sCJD.9) Such cases attained a relatively early diagnosis of sCJD 
as the symptoms had a gradual progressive onset and did not re-
semble the clinical course of a recurrent stroke. 

The patient in the present report had cerebrovascular risk factors 
such as hypercholesterolemia, old age, and menopause. She also 
presented with hemiplegia and corresponding high-intensity sig-
nals on brain MRI; moreover, her symptoms had acute onset and 
deteriorated in a stepwise pattern. Furthermore, the changes iden-
tified on brain MRI corresponded to those for stroke, leading to a 
diagnosis of recurrent stroke. Consequently, antiplatelet therapy 
continued until the typical symptoms of sCJD appeared. The clin-
ical course and imaging results of this case, which resembled those 
of recurrent stroke, demonstrated the variability of sCJD symp-
toms. Therefore, it is crucial to understand the potential for un-
common clinical outcomes of sCJD to avoid unnecessary testing 
and treatment. 
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Table 1. Diagnostic criteria for sCJD

Type Criteria
A Rapidly progressive dementia
B Myoclonus

Visual or cerebellar signs
Pyramidal/extrapyramidal signs
Akinetic mutism

C Periodic sharp and wave complex on EEG during an illness of any duration
Positive 14-3-3 cerebrospinal fluid assay and a clinical duration to death of < 2 years
MRI high-intensity signal abnormalities in the caudate nucleus and/or putamen on diffusion-weighted or FLAIR imaging

D Routine investigations that do not indicate an alternative diagnosis
E Duration < 2 years

sCJD, sporadic Creutzfeldt-Jakob disease; EEG, electroencephalography; MRI, magnetic resonance imaging; FLAIR, fluid-attenuated inversion recovery.
Possible CJD = “A” + at least two of “B” + absent “C” + “E.”
Probable CJD = “A” + at least two of “B” + at least one of “C” + “D.”
Definite CJD = diagnosed using standard neuropathological techniques and/or immunocytochemical analyses; and/or western blot confirmed protease-resis-
tant prion protein and/or the presence of scrapie-associated fibrils.
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To the Editor, 
Increasing life expectancy and geriatric-related changes pose 

major challenges for healthcare.1) Geriatric patients experience 
many disorders including chronic diseases, weakness, cognitive de-
cline, and functional dependence in the last two decades of life. As 
these problems can lead to hospitalization, these patients require 
quality clinical care.2) Therefore, effective strategies for improving 
geriatric clinical care are essential.1) 

One strategy to improve patient and clinical team outcomes, re-
duce costs, and enhance the health of patients is the use of artificial 
intelligence (AI).3) AI can play key roles in the prevention, diagno-
sis, and treatment of patients’ problems and the provision of 
healthcare.4) AI has been used to detect cancer, disease manage-
ment using robot-related technologies, provide screening tools to 
identify the risks of falls and urinary tract infections in geriatric pa-
tients with dementia, and assist healthcare providers in clinical de-
cision-making and patient monitoring.5) AI fills the gap of human 
resources in geriatric clinical care, reducing the burden on their 
family caregivers and, ultimately, improving the quality of care and 
life of older adults.6) Machine learning (ML) is one of the main 
components of AI that uses statistical techniques to allow comput-
er programs to make decisions and predictions based on previous 
data and experiences.6) Recently, special attention has been paid to 
ML in the medical literature. Thus far, ML has been used to identi-
fy older people at high risk for dementia; predict weakness, risk of 
falls, pneumonia, delirium, and acute kidney injury; and provide 
geriatric clinical care to prevent these problems.7) Moreover, these 
well-developed models show accuracy surpassing that of humans.8) 

Many opportunities exist for the implementation of ML to im-
prove geriatric care in the clinical setting. These opportunities in-
clude clinical task automation, optimizing clinical decision-making 
and support in practice, expanding clinical capacity, improving the 
safety level of geriatric patients, and increasing the quality of their 
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care;9) telemedicine and robot-related technologies for social com-
munication and rehabilitation of geriatric patients with physical 
disabilities, Parkinson disease, and chronic hemiparetic gait as well 
as for post-stroke patients; virtual reality environments to improve 
anxiety, depression, loneliness, social isolation, gait, posture, and 
pain;7) and interpretation of motion parameters and assessment of 
body composition or physical performance from vision datasets or 
opportunistic imaging datasets.9,10) Therefore, health managers 
and policymakers should pay special attention to ML to improve 
geriatric clinical care.11) 

However, the implementation of ML for geriatric clinical care 
has challenges including causality, missingness, and outcome defi-
nition. Data collection is often performed in a clinical setting via 
observation. The application of observational data to answer caus-
al questions in a clinical setting is challenging. However, observa-
tional data may provide information that is often ignored. There-
fore, learning models that do not consider missingness indicators 
can lead to inaccurate assessments and reflections of human biases. 
In contrast, reliable learning outcomes play an important role in as-
signing tasks. The key factors in outcome definitions in clinical set-
tings are reliable outcomes, perception of clinical relevance, and 
the subtlety of label leakage, which can be effective in the imple-
mentation of ML for geriatric clinical care.11) Some additional chal-
lenges of using ML for geriatric clinical care include ethical con-
cerns such as racial biases,12) privacy, equity, security, disruption of 
human communication and data management, and cost of care.7) 
One of the major challenges in the implementation of ML for geri-
atric clinical care is the problem of annotation of real-life emotions. 
Data related to the expression of emotions are rare and cannot pro-
vide a basis for annotation and modeling using fine-grained emo-
tion labels. However, inter-labeler agreement and annotation label 
confidence are important factors that need to be addressed to solve 
this challenge.13) Therefore, these challenges remain a major con-
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cern for the implementation of ML in geriatric clinical care.7) 

Overall, the implementation of ML to improve geriatric clinical 
care is a questionable hypothesis requiring additional evidence. 
Thus, further research is needed to address the challenges of using 
ML for geriatric clinical care. 
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Courses and Conferences

The academic events in 2021 of the Korean Geriatrics Society are 
as follows.
We would like to invite members of the Korean Geriatric Society 
and anyone who are interested.

[The 41th Review Training Course]
August 22, 2021 
For more information please contact kgskorea1968@gmail.com  

[The 21th Geriatric Medicine Certification Exam]
August 29, 2021 
SC Convention.
KOFST Managing the Science and Technology Center, 22 Tehe-
ran-ro 7-gil, Gangnam-gu, Seoul, Republic of Korea.
For more information please contact kgskorea1968@gmail.com  

[ACFS 2021]
November 5, 2021
For more information please contact kgskorea1968@gmail.com      

[The 68th Annual Meeting of the Korean Geriatrics Society]
November 6-7, 2021
For more information please contact kgskorea1968@gmail.com    

Membership Fee Information

Membership Fee

• Regular member (Certified by the Korean Geriatrics Society): 
KRW 20,000

• Other member: KRW 30,000

Payment account information
KEB Hana Bank: 630-007115-767
대한노인병학회

- Please remark the name of the sender when making bank 
transfer.

Information on Geriatric Medicine Certification

Examination date
The examination is held once a year in August.

Eligibility for examination
a. Should be a member of the Korean Geriatrics Society.
b. Should have more than 200 points recognized by the Korean 
Geriatrics Society.

Benefits of Certification
a. Discounted annual membership fee of KRW 20,000 (KRW 

30,000 for general members).
b. Discount on registration fee for the Korean Geriatrics Society 

Meetings.

Guideline on Geriatric Medicine Certification
a. Qualifications: Those who passed the Geriatric Medicine Cer-

tification Exam
Those who had a medical license for over 5 years.
b. Certification fee: KRW 200,000
c. Procedure: Confirmation of acceptance → Confirmation of 

mailing address → Transfer certification fee to AGMR→ Certifi-
cate is sent by mail

Expiration policy: Valid for 5 years after acquisition
Ex. September 1, 2015 - August 31, 2020

* For doctors of earlier career with less than 5 years from acquiring 
license from Korean Medical Association, we encourage to take 
the examination for the geriatric certification. However, the geri-
atric certification will be valid only after 5 years since the license 
acquisition.

Renewal of Certification
a. Qualification: Those who earned 250 points or more within the 

validity period (5 years)
(The changes have been made to the article 8 of the Regulation 
on the Management in that one needs to earn 250 points and not 
500 points for renewing the certificate.)
b. Certification renewal fee: KRW 50,000
c. Procedure: Acquisition of 250 points (check on “My Page” at 

the website)
→ Check mailing address
→ Send the certification renewal fee to the Korean Geriatrics 

Society
→ Certificate issued and sent by mail
d. Expiration policy: Valid for 5 years after renewal
Ex. September 1, 2015 - August 31, 2020
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Account information
KEB Hana Bank: 630-007115-767
대한노인병학회

- Please remark the name of the sender when making bank 
transfer.
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AGMR Information

The Korean Geriatrics Society [Geriatric Disease ] has become 
an English-language journal named Annals of Geriatric Medicine 
and Research (Ann Geriatr Med Res, AGMR)”. As a non-profit 
emerging global peer-reviewed journal based on Korea, we highly 
encourage our members to submit articles to AGMR.

Submission Method

1. Journal website
Log-In (http://www.e-agmr.org)

▼

2. Manuscript revision according to submission guidelines
(file format: MS word)

▼

3. Log in → Author → Article (new) Submission 
→ Confimation e-mail sent (Author)

▼

4. Copyright agreement via web submission system
(Form available on our website or journal)

▼

5. Submission Completed

Provide the Evaluation of the Society when 
Contributing Articles 

If your article is published in the AGMR, 100 points will be given 
to the first author and corresponding author. Therefore, you must 
fill out medical licence number. Submission is always welcome as 
there is no limit in earning points.

Journal Subscription Guide

Subscription fees

• Subscription fee: KRW 20,000
( Journal mailed 4 times a year at the end of March, June, 
September, December)

* If you wish to receive journal by mail, please send a yearly sub-
scription fee of KRW 20,000. Members who pay the annual fee 
will receive a journal letter.

Payment account information
KEB Hana Bank: 630-007115-767
대한노인병학회

Please remark the name of the sender when making bank transfer, 
and include the comment “구독료/subscribtion fee” to speficy 
that the transfer is for journal subscription. If you do not receive 
your mail even after transferring the payment, please confirm and 
correct the mailing address on “My page” after logging in.

www.e-agmr.org



Annals of Geriatric Medicine and Research (Ann Geriatr Med 
Res, AGMR) is the official journal of the Korean Geriatrics Soci-
ety (http://www.geriatrics.or.kr/eng/) and the Korean Society 
for Gerontology (http://www.korea-biogerontology.co.kr). It is a 
peer-reviewed English journal that aims to introduce new knowl-
edge related to geriatric medicine and to provide a forum for the 
analysis of gerontology, broadly defined. As a leading journal of 
geriatrics and gerontology in Korea, one of the fastest aging coun-
tries, AGMR offers future perspectives on clinical and biological 
science and issues on policymaking for older adults especially for 
Asian emerging countries.

Manuscripts on geriatrics and gerontology, including clinical re-
search, aging-related basic research, and policy research related to 
senior health and welfare will be considered for publication. Re-
searchers from a wide range of geriatric specialties, multidisci-
plinary areas, and related disciplines of gerontology are encour-
aged to submit manuscripts for publication. AGMR is published 
quarterly on the last days of March, June, September, and Decem-
ber. The official website of AGMR is https://www.e-agmr.org/.

Manuscripts submitted to AGMR should be prepared accord-
ing to the instructions below. For issues not addressed in these in-
structions, the author should refer to the Recommendations for 
the Conduct, Reporting, Editing, and Publication of Scholarly 
Work in Medical Journals (http://www.icmje.org/icmje-recom-
mendations.pdf) from the International Committee of Medical 
Journal Editors (ICMJE).

Contact Us
Editor-in-Chief: Jae-Young Lim, MD, PhD
Department of Rehabilitation Medicine, Seoul National Universi-
ty College of Medicine, Seoul National University Bundang Hos-
pital, 82 Gumi-ro 173 beon-gil, Bundang-gu, Seongnam 13620, 
Korea
Tel: +82-31-787-7732, Fax: +82-31-787-4056
E-mail: drlim1@snu.ac.kr

Editorial Office: Korean Geriatrics Society
401 Yuksam Hyundai Venturetel, 20 Teheran-ro 25-gil, Gangnam-
gu, Seoul 06132, Korea
Tel: +82-2-2269-1039, Fax: +82-2-2269-1040
E-mail: agmr.editorial@gmail.com

RESEARCH AND PUBLICATION ETHICS

The journal adheres to the guidelines and best practices published 
by professional organizations, including International Standards 
for Editors and Authors (https://publicationethics.org/node/ 
11184), ICMJE Recommendations, and the Principles of Trans-
parency and Best Practice in Scholarly Publishing (joint statement 
by the Committee on Publication Ethics [COPE], Directory of 
Open Access Journals [DOAJ], World Association of Medical 
Editors [WAME], and Open Access Scholarly Publishers Associ-
ation [OASPA]; https://doaj.org/bestpractice). Further, all pro-
cesses of handling research and publication misconduct shall fol-
low the applicable COPE flowchart (https://publicationethics.
org/resources/flowcharts).

Statement of Human and Animal Rights
Clinical research should be conducted in accordance with the 
World Medical Association’s Declaration of Helsinki (https://
www.wma.net/policies-post/wma-declaration-of-helsinki-ethi-
cal-principles-for-medical-research-involving-human-subjects/). 
Clinical studies that do not meet the Helsinki Declaration will not 
be considered for publication. For human subjects, identifiable in-
formation, such as patients’ names, initials, hospital numbers, 
dates of birth, and other protected health care information, should 
not be disclosed. For animal subjects, research should be per-
formed based on the National or Institutional Guide for the Care 
and Use of Laboratory Animals. The ethical treatment of all ex-
perimental animals should be maintained.

Statement of Informed Consent and Institutional Approval
Copies of written informed consent should be kept for studies on 
human subjects. Clinical studies with human subjects should pro-
vide a certificate, an agreement, or the approval by the Institutional 
Review Board (IRB) of the author’s affiliated institution. For re-
search with animal subjects, studies should be approved by an Insti-
tutional Animal Care and Use Committee (IACUC). If necessary, 
the editor or reviewers may request copies of these documents to 
resolve questions regarding IRB/IACUC approval and study con-
duct.

Instructions to authors
Enactment December 27, 2013

Revision March 1, 2021
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Conflict of Interest Statement
The corresponding author of an article is asked to inform the Edi-
tor of the authors’ potential conflicts of interest possibly influenc-
ing their interpretation of data. Examples of potential conflicts of 
interest include employment, consultancies, stock ownership, 
honoraria, paid expert testimony, patent applications/registra-
tions, and grants or other funding. A potential conflict of interest 
should be disclosed in the manuscript even when the authors are 
confident that their judgments have not been influenced in pre-
paring the manuscript. The disclosure form should be the same as 
the ICMJE Form for Disclosure of Potential Conflicts of Interest 
(http://www.icmje.org/conflicts-ofinterest/).

Originality, Plagiarism, and Duplicate Publication
Redundant or duplicate publication refers to the publication of a 
paper that overlaps substantially with one already published. 
Upon receipt, submitted manuscripts are screened for possible 
plagiarism or duplicate publication using Crossref Similarity 
Check. If a paper that might be regarded as duplicate or redundant 
had already been published in another journal or submitted for 
publication, the author should notify the fact in advance at the 
time of submission. Under these conditions, any such work 
should be referred to and referenced in the new paper. The new 
manuscript should be submitted together with copies of the du-
plicate or redundant material to the editorial committee. If redun-
dant or duplicate publication is attempted or occurs without such 
notification, the submitted manuscript will be rejected immedi-
ately. If the editor was not aware of the violations and of the fact 
that the article had already been published, the editor will an-
nounce in the journal that the submitted manuscript had already 
been published in a duplicate or redundant manner, without seek-
ing the author’s explanation or approval.

Secondary Publication
It is possible to republish manuscripts if the manuscripts satisfy the 
conditions for secondary publication of the ICMJE Recommenda-
tions (http://www.icmje.org/icmje-recommendations.pdf).

Authorship and Author’s Responsibility
Authorship credit should be based on (1) substantial contribu-
tions to conception and design, acquisition of data, and analysis 
and interpretation of data; (2) drafting the article or revising it crit-
ically for important intellectual content; (3) final approval of the 
version to be published; and (4) agreement to be accountable for 
all aspects of the work in ensuring that questions related to the ac-
curacy or integrity of any part of the work are appropriately investi-
gated and resolved. Authors should meet these four conditions.

• A list of each author’s role should accompany the submitted paper.
• Correction of authorship: Any requests for such changes in au-

thorship (adding author(s), removing author(s), or re-arrang-
ing the order of authors) after the initial manuscript submission 
and before publication should be explained in writing to the ed-
itor in a letter or e-mail from all authors. This letter must be 
signed by all authors of the paper. A copyright assignment must 
be completed by every author.

• Role of corresponding author: The corresponding author takes 
primary responsibility for communication with the journal 
during the manuscript submission, peer review, and publication 
process. The corresponding author typically ensures that all of 
the journal’s administrative requirements, such as providing the 
details of authorship, ethics committee approval, clinical trial 
registration documentation, and conflict of interest forms and 
statements, are properly completed, although these duties may 
be delegated to one or more coauthors. The corresponding au-
thor should be available throughout the submission and peer 
review process to respond to editorial queries in a timely man-
ner, and after publication, should be available to respond to cri-
tiques of the work and cooperate with any requests from the 
journal for data or additional information or questions about 
the article.

• All authors of a manuscript must have agreed to its submission 
and are responsible for its content, including appropriate cita-
tions and acknowledgements; they must also have agreed that 
the corresponding author has the authority to act on their be-
half on all matters pertaining to the publication of the paper.

• Description of co-first authors or co-corresponding authors is 
also accepted if corresponding author believes that their roles 
are equally contributed.

• Contributors: Any researcher who does not meet all four ICM-
JE criteria for authorship discussed above but contribute sub-
stantively to the study in terms of idea development, manu-
script writing, conducting research, data analysis, and financial 
support should have their contributions listed in the Acknowl-
edgments section of the article.

Process for Managing Research and Publication Miscon-
duct
When the journal faces suspected cases of research and publica-
tion misconduct, such as redundant (duplicate) publication, pla-
giarism, fraudulent or fabricated data, changes in authorship, un-
disclosed conflict of interest, ethical problems with a submitted 
manuscript, appropriation by a reviewer of an author’s idea or data, 
and complaints against editors, the resolution process will follow 
the flowchart provided by COPE (http://publicationethics.org/
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resources/flowcharts). The discussion and decision on the sus-
pected cases are carried out by the Editorial Board.

Editorial Responsibilities
The Editorial Board will continuously work to monitor and safe-
guard publication ethics: guidelines for retracting articles; mainte-
nance of the integrity of academic records; preclusion of business 
needs from compromising intellectual and ethical standards; pub-
lishing corrections, clarifications, retractions, and apologies when 
needed; and excluding plagiarized and fraudulent data. The edi-
tors maintain the following responsibilities: responsibility and au-
thority to reject and accept articles; avoid any conflict of interest 
with respect to articles they reject or accept; promote the publica-
tion of corrections or retractions when errors are found; and pre-
serve the anonymity of reviewers.

EDITORIAL POLICY

Copyright
Copyright in all published material is owned by the Korean Geriatrics 
Society. Authors must agree to transfer copyright (https://www. 
e-agmr.org/authors/copyright_transfer_agreement.php) during the 
submission process. The corresponding author is responsible for  
submitting the copyright transfer agreement to the publisher.

Open Access Policy
AGMR is an open-access journal. Articles are distributed under 
the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by-nc/4.0/), which permits unre-
stricted non-commercial use, distribution, and reproduction in 
any medium, provided the original work is properly cited. Au-
thor(s) do not need to permission to use tables or figures pub-
lished in AGMR in other journals, books, or media for scholarly 
and educational purposes. This policy is in accordance with the 
Budapest Open Access Initiative definition of open access.

Registration of Clinical Trial Research
It is recommended that any research dealing with a clinical trial be 
registered with a primary national clinical trial registration site 
such as Clinical Research Information Service (http://cris.cdc.
go.kr/), or other sites accredited by the World Health Organiza-
tion ICTRP (http://www.who.int/ictrp/en) and ClinicalTrials.
gov (http://clinicaltrials.gov/), a service of the United States Na-
tional Institutes of Health.

Data Sharing
AGMR encourages data sharing wherever possible, unless this is 

prevented by ethical, privacy, or confidentiality matters. Authors 
wishing to do so may deposit their data in a publicly accessible re-
pository and include a link to the DOI within the text of the man-
uscript.
• Clinical Trials: AGMR accepts the ICMJE Recommendations 

for data sharing statement policy. Authors may refer to the edi-
torial, “Data Sharing statements for Clinical Trials: A Require-
ment of the International Committee of Medical Journal Edi-
tors,” in the Journal of Korean Medical Science (https://dx.doi.
org/10.3346/jkms.2017.32.7.1051).

Archiving and Posting Policy
AGMR provides electronic archiving and preservation of access to 
the journal content in the event the journal is no longer published, 
by archiving in the National Library of Korea. According to the de-
posit policy (self-archiving policy) of Sherpa/Romeo (http://
www.sherpa.ac.uk/), authors cannot archive pre-print (i.e., pre-ref-
ereeing) but they can archive post-print (i.e., final draft post-refer-
eeing). Authors can archive the publisher’s version/PDF.

Correction
If correction is needed, it will follow the ICMJE Recommenda-
tion for Corrections, Retractions, Republications and Version 
Control available from: http://www.icmje.org/recommendations/
browse/publishing-and-editorial-issues/corrections-and-version- 
control.html as follows:

Honest errors are a part of science and publishing and require 
publication of a correction when they are detected. Corrections 
are needed for errors of fact. Minimum standards are as follows: 
First, it shall publish a correction notice as soon as possible, detail-
ing changes from and citing the original publication on both an 
electronic and numbered print page that is included in an elec-
tronic or a print Table of Contents to ensure proper indexing; 
Second, it shall post a new article version with details of the 
changes from the original version and the date(s) on which the 
changes were made through CrossMark; Third, it shall archive all 
prior versions of the article. This archive can be either directly ac-
cessible to readers; and Fourth, previous electronic versions shall 
prominently note that there are more recent versions of the article 
via CrossMark.

SUBMISSION & PEER REVIEW PROCESS

Submission
All manuscripts should be submitted online via the journal’s web-
site (http://submit.e-agmr.org/submission/) by the correspond-
ing author. Once you have logged into your account, the online 
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system will lead you through the submission process in a stepwise 
orderly process. Submission instructions are available at the web-
site. All articles submitted to the journal must comply with these 
instructions. Failure to do so will result in the return of the manu-
script and possible delay in publication.

Peer-Review Process
• A submitted manuscript will be evaluated by editors and review-

ers. All manuscripts submitted to AGMR undergo screening by 
the Editorial Board, who then determines whether a manu-
script undergoes external review.

• The journal uses a double-blind peer review process: the review-
ers are not aware of the identity of the authors, and vice versa. 
They are peer reviewed by at least 3 anonymous reviewers se-
lected by the editor. We neither guarantee the acceptance with-
out reviewing process nor very short peer review times for un-
solicited manuscripts. Commissioned manuscripts will also be 
reviewed before publication.

• The average time interval for an initial review process that in-
volves both editorial and peer reviews is approximately 1 
month; occasionally, there are unavoidable delays, usually be-
cause a manuscript needs multiple reviews or several revisions.

• The corresponding author will be notified as soon as possible of 
the editor’s decision to accept, reject, or ask for revisions. When 
manuscripts are returned for a revision, a cover letter from the 
editor provides directions that should be followed carefully. 
When submitting the revised manuscript, authors should in-
clude a Response Letter, which describes how the manuscript 
has been revised. A point-by-point response to the editor 
should be included with the revised manuscript. Authors who 
plan to resubmit but cannot meet this deadline should contact 
the Editorial Office. Manuscripts held for revision will be re-
tained for a maximum of 90 days. The revised manuscript and 
the author’s comments will be reviewed again. If a manuscript is 
completely acceptable according to the criteria set forth in these 
instructions, it is scheduled for publication in the next available 
issue.

Appeals of Decisions
Any appeal against an editorial decision must be made within 2 
weeks of the date of the decision letter. Authors who wish to ap-
peal a decision should contact the Editor-in-Chief, explaining in 
detail the reasons for the appeal. All appeals will be discussed with 
at least one other associate editor. If consensus cannot be reached 
thereby, an appeal will be discussed at a full editorial meeting. The 
process of handling complaints and appeals follows the guidelines 
of COPE available from https://publicationethics.org/appeals. 

AGMR does not consider second appeals.

MANUSCRIPT PREPARATION

AGMR focuses on clinical and experimental studies, reviews, case 
reports, editorials and letters in geriatric medicine and gerontolo-
gy. Any researcher throughout the world can submit a manuscript 
if the scope of the manuscript is appropriate.

General Requirements
• The manuscript must be written using Microsoft Word and 

saved as “.doc” or “.docx” file format. The font size must be 11 
points. The body text must be left aligned, double spaced, and 
presented in one column. The left, right, and bottom margins 
must be 3 cm, but the top margin must be 3.5 cm.

• Page numbers must be indicated in Arabic numerals in the mid-
dle of the bottom margin, starting from the abstract page.

• A complete title page should be submitted separately from the 
main document file, and the latter should contain no informa-
tion that identifies the author or the author’s institutional affilia-
tion.

• All manuscripts must be written in clearly understandable En-
glish. Authors whose first language is not English are requested 
to have their manuscripts checked for grammatical and linguis-
tic correctness before submission. Correct medical terminology 
should be used, and jargon should be avoided.

• The use of abbreviations should be minimized and restricted to 
those that are generally recognized. When using an abbreviated 
word, it should be spelled out in full on first usage in the manu-
script, followed by the abbreviation in parentheses.

• Numbers should be written in Arabic numerals, but must be 
spelled out when placed at the beginning of a sentence.

• Drugs and chemicals should be referred to using standard chem-
ical or generic terms. The names and locations (city, state, and 
country only) of manufacturers of equipment and non-generic 
drugs should be given.

• Measurements should be described using the metric system, and 
hematologic and biochemical markers using the International 
System of Units. All units must be preceded by one space, ex-
cept for the following symbols: percentage (%), temperature 
(°C), and degree (°).
All authors of a manuscript must have agreed to its submission 

and are responsible for its content, including appropriate citations 
and acknowledgements; they must also have agreed that the corre-
sponding author has the authority to act on their behalf on all 
matters pertaining to the publication of the paper. By publishing in 
this journal, the authors agree that the Korean Geriatrics Society 
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has the right to protect the manuscript from misappropriation. Il-
lustrations in published articles will not be returned to the authors.

Reporting Guidelines for Specific Study Designs
For specific study designs, such as randomized control studies, 
studies of diagnostic accuracy, meta-analyses, observational stud-
ies, and non-randomized studies, authors are encouraged to con-
sult the reporting guidelines relevant to their specific research de-
sign. A good source of reporting guidelines is the EQUATOR Net-
work (https://www.equator-network.org/) and NLM (https://
www.nlm.nih.gov/services/research_report_guide.html).

Composition of Manuscripts
The manuscript sections should be presented in the following or-
der: Cover Letter, Title Page, Abstract and Keywords, Introduc-
tion, Materials and Methods, Results, Discussion, Acknowledge-
ments, References, Tables, and Figure Legends. Provide only one 
table or figure per page. Table 1 shows the recommended maxi-
mums of manuscripts according to publication type; however, 
these requirements are negotiable with the editor.

Table 1. Recommended maximums for articles submitted to AGMR

Type of article Abstract 
(word)

Text 
(word)a) Reference Table & 

figure
Original article Struc-

turedb), 250
3,500 50 7

Review 150 6,000 unlimited 7
Case report 150 1,500 20 7
Editorial No 1,200 15 7
Letter to the edi-
tor

No 1,200 15 1

AGMR, Annals of Geriatric Medicine and Research; NL, no limited.
a)Maximum number of words is exclusive of the abstract, references, 
tables, and figure legends.
b)Background, methods, results, and conclusion.

Title Page
The Title Page should include only the following information:
• Title: The title and the running title should be 25 or less and 10 

or less words, respectively. Please consider the title very carefully, 
as these are often used in information-retrieval systems. Please 
use a concise and informative title (avoiding abbreviations where 
possible). The title should be written in sentence case (capitalize 
only the first word of the title and proper nouns).

• Author names and affiliations in the correct order: Where the 
family name may be ambiguous (e.g., a double name), please 
indicate this clearly. Present the authors’ affiliation (where the 

actual work was done) below the names. Indicate all institution-
al affiliations, including the city and country, using lower-case 
superscript letters immediately after the author’s name and in 
front of the appropriate address.

• Corresponding author: Clearly indicate who will handle corre-
spondence at all stages of the refereeing and publication process 
and after publication. Provide the full postal address, including 
the city and country and, if available, the e-mail address of each 
author. When stating the author’s degree, do not place periods 
within “MD” and “PhD”. The e-mail address and ORCID of the 
corresponding author should be placed in the title page. Con-
tact details must be kept up-to-date by the corresponding au-
thor. ORCID (Open Researcher and Contributor ID) identifier 
must be also addressed. If the corresponding author does not 
have an ORCID identifier, it can be obtained through the OR-
CID website (https://orcid.org).

• Acknowledgments: This section is for the Conflicts of Interest, 
Funding, Author Contributions, ORCID, Additional Contri-
butions, and Previous Presentations.
- Conflicts of Interest Disclosures: Please include the authors’ 

potential conflicts of interest that could possibly influence 
their interpretation of data. If no conflict exists, please state 
the following: “The researcher(s) claim(s) no conflicts of in-
terest.”

- Funding: For each source of funds, both the research funder 
and the grant number should be listed in this section.

- Author Contributions: The contributions of all authors must 
be described using the CRediT (https://www.casrai.org/
credit.html) Taxonomy of author roles.
Sample:

Conceptualization, GDH; Data curation, JHK; Funding ac-
quisition, GDH; Investigation, JHK, SSL; Methodology, 
AGK; Project administration, GDH; Supervision, GDH; 
Writing–original draft, JHK, SSL; Writing–review & editing, 
GDH, AGK

- ORCID: We recommend that the open researcher and con-
tributor ID (ORCID) of all authors be provided. In order to 
obtain an ORCID, authors should register in the ORCID 
website: http://orcid.org/. Registration is free to every re-
searcher in the world.

- Additional Contributions: All persons who have made sub-
stantial contributions, but who have not met the criteria for 
authorship, are acknowledged here.

- Previous Presentation: Please inform any previous presenta-
tion of the material. Provide the exact data and location of the 
meeting.
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Abstract & Keywords
A concise and factual abstract is required. The abstract should not 
be more than 250 words (150 words for case reports and reviews). 
Abstracts should include the following headings: Background, 
Methods, Results, and Conclusion. Author(s) should specify the 
number of study participants. The abstract’s conclusion should 
emphasize clinical relevance. Do not use vague phrases such as 
“We believe that …” or “We suppose that …”. Non-standard or un-
common abbreviations should be avoided, but if essential, must be 
defined the first time they are mentioned in the abstract. After the 
abstract, list 3-5 keywords to be used for indexing. The keywords 
are from medical subject headings (MeSH; https://www.ncbi.
nlm.nih.gov/mesh). Editorials and Letters to the editor do not re-
quire an abstract. An abstract is often presented separately from the 
article, and therefore must be able to stand alone.

Guidelines for the Main Body
• Introduction: State the objectives of the work and provide ade-

quate background, avoiding a detailed literature survey or sum-
mary of the results.

• Materials and Methods: Authors of empirical papers are expect-
ed to provide full details of the research methods used, includ-
ing study location(s), sampling procedures, date(s) of data col-
lection, research instruments, and data analysis techniques. 
Methods already published should be indicated in a reference; 
only relevant modifications should be described. For Case Re-
ports, the case history or case description replaces the Methods 
section, as well as the Results section. Any study using human 
subjects or materials should be approved by the Institutional 
Review Board, as well through patient consent. Affiliation name 
of Institutional Review Board and approval number must be 
clearly stated as the following: “This study was approved by the 
Institutional Review Board of [Name of Affiliation] (Approval 
Number)”. Any study using animals should state the Institution-
al Animal Care approval and number. Any other ethics approv-
als should also be listed. If no ethical approvals were achieved or 
required, please state the reason (e.g., “In this study, the Institu-
tional Review Board of [Name of Affiliation] approved the ex-
emption and allowed authors to review the patient’s records 
with no need for the informed consents.”). Ensure correct use 
of the terms sex (when reporting biological factors) and gender 
(identity, psychosocial or cultural factors), and, unless inappro-
priate, report the sex and/or gender of study participants, the 
sex of animals or cells, and describe the methods used to deter-
mine sex and gender. If the study was done involving an exclu-
sive population, for example in only one sex, authors should 
justify why, except in obvious cases (e.g., prostate cancer).

• Results: Results should be clear and concise. Excessive repeti-
tion of table or figure content should be avoided.

• Discussion: This should explore the significance of the findings, 
rather than repeating them. Avoid extensive citations or a dis-
cussion of published literature. The main conclusions of the 
study may be presented in a short Conclusion section, which 
may stand alone or form a subsection of the Discussion section.

References
The citation of references in the text should be made using con-
secutive numbers in parentheses (Vancouver style). They should 
be listed in the text in the order of citation, with consecutive num-
bering in this separate section. The style for papers in periodicals 
is as follows: the name and initials of all authors, the full title of ar-
ticle, the journal name abbreviated in accordance with Index 
Medicus, the year and volume, and the first and last page num-
bers. If there are more than 7 authors, write the names of the first 
6 authors, followed by “et al.” The style for a book chapter is as fol-
lows: author and title of the chapter, editor of the book, title of the 
book, edition, volume, place, publisher, year, and first and last 
page numbers. The style for a book is as follows: author, title of 
the book, edition, place of publication, publisher, and year of pub-
lication. The style for a website is as follows: title of the website, 
place of publication, publisher, year of copyright, and Internet ad-
dress. Other types of references not described below should fol-
low ICMJE Recommendations (https://www.nlm.nih.gov/bsd/
uniform_requirements.html). Authors are responsible for the ac-
curacy and completeness of their references and for ensuring that 
their text citations are correct. Papers still in press may be listed 
among the references using the journal name and a tentative year 
of publication. Unpublished data and personal communications 
may be listed only with the author’s written permission.

Reference Style
- Journal article:

1. Oh TJ, Song Y, Moon JH, Choi SH, Jang HC. Diabetic pe-
ripheral neuropathy as a risk factor for sarcopenia. Ann Geriatr 
Med Res 2019;23:170-5.

- Book:
2. Fillit H, Rockwood K, Woodhouse K, Young JB. Brockle-

hurst’s textbook of geriatric medicine and gerontology. 8th ed. 
Philadelphia, PA: Elsevier; 2016.

3. Korea National Statistical Office. Annual report on the cause 
of death statistics, 2015. Daejeon: Korea National Statistical 
Office; 2016.

- Book chapter:
4. Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh 
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JH, Brenner BM, editors. Hypertension pathophysiology, di-
agnosis, and management. 2nd ed. New York, NY: Raven 
Press; 1995. p. 465-78.

- Website:
5. AMA: helping doctors help patients [Internet]. Chicago, IL: 

American Medical Association; c2019 [cited 2019 Dec 22]. 
Available from: http://www.ama-assn.org.

Tables and Figures
Tables should be submitted separately from the main body of the 
paper, and figure legends should be typed on separate sheets.
• Table: Please submit tables as editable text and not as images. 

Avoid using vertical rules. Tables should be simple and should 
not duplicate information already presented in figures. Title all 
tables and number them using Arabic numerals in the order of 
their citation. Tables should be double-spaced, with each table 
on a separate sheet. Describe all abbreviations using footnotes. 
Footnotes are followed by the source notes, other general notes, 
abbreviation, notes on specific parts of the table (a), b), c), 
d)…), and notes on level of probability (*, **, *** for p-values). 
Each column and row should have an appropriate heading. The 
first letter of the first word in each column and row should be 
capitalized. Use Arabic numerals after “Table” in accordance 
with the order of citation, with a space between “Table” and the 
Arabic number. Mean and standard deviation (mean ± SD) and 
numbers of subjects are included and the significance of results 
is indicated through appropriate statistical analysis. The p-value 
should be provided to 3 decimal places and the letter “p” in 
“p-value” written in lower case. Table footnotes should be indi-
cated with superscript markings. All units of measurement and 
concentration should be designated. Exponential terminology 
is discouraged. The table should be drawn in MS word and not 
as an image file (JPG, GIF, TIFF, etc.).

• Figure: Electronic art should be created/scanned and saved and 
submitted as either a TIFF (tagged image file format) or an EPS 
(encapsulated postscript) file. Figures must be cited in the text 
and numbered in order of first mention. Make sure to mark the 
figure number clearly on the figure or part of the electronic file 
name (i.e., Figure 1.tif). Line art must have a resolution of at 
least 1,200 dpi (dots per inch), and electronic photographs, ra-
diographs, CT scans, and scanned images must have a resolu-
tion of at least 300 dpi. Images should be supplied at a size that 
approximates the final figure size in the print journal. If fonts are 
used in the artwork, they must be converted to paths or out-
lines, or embedded in the files. Color images must be created/
scanned, saved, and then submitted as CMYK files. Please note 
that artwork generated using office suite programs such as 

Corel Draw or MS Word, as well as artwork downloaded from 
the Internet (JPEG or GIFF files), cannot be used. Color pho-
tographs will be published if the editor considers them abso-
lutely necessary. The expense of reproducing color photo-
graphs/ designs will be passed on to the author. The author is 
responsible for submitting prints that are of sufficient quality to 
permit accurate reproduction, and for approving the final color 
galley proof.

• Figure legend: All of the figure legends should be typewritten 
and double-spaced. Use a separate sheet for each legend. Figure 
legends should describe briefly the data shown, explain any ab-
breviations or reference points in the photographs, and identify 
all units, mathematical expressions, abscissas, ordinates, and 
symbols.

Other Manuscript Formats
General guidelines are same as for original articles.
• Review Articles: The text is structured in the following order: 

Title page, Introduction, Main text, Conclusion, and Referenc-
es, which should not exceed 100. Unstructured abstracts should 
contain no more than 150 words. Review article does not nec-
essarily need to be reviewed by an Institutional Review Board.

• Case Reports
- Case reports are considered for publication only if they report 

rare conditions, atypical symptoms and signs, or novel diag-
nostic or therapeutic approaches. The manuscript is struc-
tured in the following order: Title Page, Abstract, Introduc-
tion, Case Report, Discussion, References, Tables, and Fig-
ures. The abstract should be unstructured and should be no 
more than 150 words, with no more than 3 keywords at-
tached. The introduction should briefly state the background 
and significance of the case. The actual case report should 
describe the clinical presentation and the diagnostic and ther-
apeutic measures taken. The discussion should focus on the 
uniqueness of the case and should not contain an extensive 
review of the disease or disorder. The number of references is 
limited to 20. The maximum word count is 1,500 words, ex-
cept references, figure legends, and tables.

- A case report is an academic/educational activity that does 
not meet the definition of “research”, which is: “a systematic 
investigation, including research development, testing and 
evaluation, designed to develop or contribute to generalizable 
knowledge.” Therefore, the activity does not necessarily need 
to be reviewed by an Institutional Review Board. However, 
patients have a right to privacy that should not be infringed 
without an informed consent. Identifying information, in-
cluding patients’ names, initials, or hospital numbers, should 
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not be published in written descriptions, photographs, and 
pedigrees unless the information is essential for scientific 
purposes and the patient (or parent or guardian) gives writ-
ten informed consent for publication. Informed consent for 
this purpose requires that a patient who is identifiable be 
shown the manuscript to be published. Complete anonymity 
is difficult to achieve, however, an informed consent should 
be obtained if there is any doubt. For example, masking the 
eye region in photographs of patients is inadequate protec-
tion of anonymity. If identifying characteristics are altered to 
protect anonymity, such as in genetic pedigrees, authors 
should provide assurance that alterations do not distort sci-
entific meaning and editors should so note.

• Editorials are an invited comment on a recently published man-
uscript. Editorial offers broader view of raised issues, balanced 
interpretation, and a link to further questions. Manuscript lim-
itations are 1,200 words and 15 references.

• Letters to the editor: Letters to the editor comment on papers 
published in this journal or on other relevant matters and do 
not require an abstract. Manuscripts may be no longer than 
1,200 words, with 15 or less references and may include only 1 
figure or table. Subtitles should not be used, and any acknowl-
edgements should be included in the body of the letter. Writing 
a letter is an academic/educational activity that does not meet 
the definition of “research”, which is: “a systematic investigation, 
including research development, testing and evaluation, de-
signed to develop or contribute to generalizable knowledge.” 
Therefore, the activity does not necessarily need to be reviewed 
by an Institutional Review Board.

Supplemental Data
Additional data, including Methods, Results, References, Tables, 
Figures, and video, that are difficult to be inserted in the main 
body can be submitted in the form of Supplemental Data. Supple-
mental Data submitted by the author will be published online to-
gether with the main body without going through a separate edit-
ing procedure. All supplemental data, except video materials, are 
to be submitted in a single file, and the manuscript title, authors’ 
name, organization, and corresponding author’s contact informa-
tion must be specified in the first page.

FINAL PREPARATION FOR PUBLICATION

Final Version
After the paper has been accepted for publication, the author(s) 

should submit the final version of the manuscript. The names and 
affiliations of the authors should be double-checked, and if the 
originally submitted image files were of poor resolution, higher 
resolution image files should be submitted at this time. Symbols 
(e.g., circles, triangles, squares), letters (e.g., words, abbreviations), 
and numbers should be large enough to be legible on reduction to 
the journal’s column widths. All symbols must be defined in the 
figure caption. If references, tables, or figures are moved, added, or 
deleted during the revision process, renumber them to reflect 
such changes so that all tables, references, and figures are cited in 
numeric order.

Manuscript Corrections
Before publication, the manuscript editor will correct the manu-
script such that it meets the standard publication format. The au-
thor(s) must respond within 2 days when the manuscript editor 
contacts the corresponding author for revisions. If the response is 
delayed, the manuscript’s publication may be postponed to the 
next issue.

Gallery Proof
The author(s) will receive the final version of the manuscript as a 
PDF file. Upon receipt, the author(s) must notify the Editorial 
Office (or printing office) of any errors found in the file within 2 
days. Any errors found after this time are the responsibility of the 
author(s) and will have to be corrected as an erratum.

Errata and Corrigenda
To correct errors in published articles, the corresponding author 
should contact the journal’s Editorial Office with a detailed de-
scription of the proposed correction. Corrections that profoundly 
affect the interpretation or conclusions of the article will be re-
viewed by the editors. Corrections will be published as corrigenda 
(corrections of the author’s errors) or errata (corrections of the 
publisher’s errors) in a later issue of the journal.

ARTICLE PROCESSING CHARGES

There are no article submission charges or article processing 
charges for AGMR. Only reprinting cost will be charged to the 
authors. Reprints may be ordered directly from the publisher. An 
order form for reprints will be sent with the proofs to the corre-
sponding author. Reprints are available in quantities of 50.
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Date :                                                                                                                     

No. of Manuscript : AGMR-                                                                                                                                                                                                                                           

Title of Manuscript :                                                                                                                                                                                                                                            

Before submitting the manuscript, please complete the author’s checklist below and send it to the editorial office using online submis-
sion system (http://www.e-agmr.org).

General Guideline
☐ The content of the manuscript is original.
☐ The contact information (address, ORCID, e-mail address) of the corresponding author is indicated.

Abstract and Keywords
☐ The abstract is 250 words or less.
☐ The abstract is presented in the order of background, methods, results, and conclusion.
☐ The keywords are from medical subject headings (MeSH) (see https://www.ncbi.nlm.nih.gov/mesh).

References
☐ References are listed in accordance with the “submission guidelines”.
☐ The number of references is appropriate.
☐ One or more articles are cited from the “Annals of Geriatric Medicine and Research”.

Tables and Figures
☐ No more than 7 tables and figures in total.
☐ The title and legends of tables and figures are clear and concise.

Author’s checklist

Print Name Signiture
Corresponding Author                                                                                                                  
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*Must be signed and returned to the editor-in-chief of the journal before the manuscript can be considered for publication

YOUR STATUS
I am the author signing on behalf of all co-authors of the manuscript
Name/Title/Institution/Signature: _______________________________________________________________
E-mail address: _________________________________________________________________________

I have read and agree to the terms of the License Agreement [     ]

Author(s) hereby certify that: 
1. The Author(s) are the sole authors of and sole owners of the copyright in the Contribution.
2. If the Contribution includes materials of others, the Author(s) certify that they have obtained written permission for the use of text, ta-
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